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INTRODUCTION

The Bureau of Reclamation has studied methods for
lowering the salinity of the Colorado River by keep-
ing saline water sources from entering the river [1 1t
The Bureau has been determining whether some of
these saline water sources could be used as a feed
water for making freshwater by desalination or as
makeup for wet cooling towers operating with saline
water. Maximum volume recovery of desalted prod-
uct water from a saline feed water source is a
requirement of a desalting process where there is a
shortage of feed water and the onsite disposal of the
desalting reject-brine volume is necessary. In many
instances of inland brackish water desalting, brine
disposal by methods like deep-well injection or evap-
oration ponds is the dominant cost. Thus, by mini-
mizing the brine volume requiring disposal and
maximizing the product water volume, high-recovery
desalting can be more economically and environ-
mentally feasible.

The LVS (La Verkin Springs) is a saline water source
which deposits considerable salt in the Colorado
River [2]. La Verkin Springs is located in southwest-
ern Utah on the Virgin River. The springs flow at
0.326 m3/s and contain a concentration of about
9.7 kg/m? in TDS (total disolved solids). Salts are
deposited at nearly 100 000 tonnes per year to the
Colorado River system. The water temperature leav-
ing the springs is about 40 °C. Typical raw and par-
tially pretreated water compositions for LVS are
listed in table 1 [3].

The feasibility of alternative methods for preventing
the LVS salts from entering the river have been
studied [2]. Water desalination would provide a
needed source of freshwater. A high recovery of
product water flow from the feed flow would be
necessary to minimize the volume of reject brine
requiring disposal, which is a major cost. However,
even with high recovery, the cost of desalting LVS
is not feasible at present. Alternatively, the LVS
saline water could be used as a source of cooling
water provided that the blowdown or concentrated
waste stream from the cooling tower were not dis-
charged into the Virgin River.

Many brackish waters (as that from LVS) require pre-
treatment to keep sparingly soluble salts such as
silica, calcium carbonate (calcite), calcium sulfate
(gypsum), strontium sulfate, and barium sulfate from
precipitating on equipment surfaces as the salts are
concentrated. This can occur either in desalting
equipment or in evaporative cooling towers when

* Numbers in brackets refer to entries in the Bibliography.

the salts become supersatured. Generally, formation
of scale in the equipment causes blockages of flow
and other serious operational problems. Cation
exchange is an economic process for softening (the
removal of multivalent cations; i.e., calcium, stron-
tium, and barium, that form sparingly soluble salts
with sulfate) when the reject brine from a desalting
unit or blowdown from a cooling tower provides the
sodium for regenerating the cation exchanger. A
process other than IX (ion exchange), for example,
high-lime treatment, is needed to remove silica, if
required.

The raw well water from LVS contains considerable
calcium which, with the sulfate, forms gypsum pre-
cipitate at desalting recoveries above about 23 per-
centaccording to table 1 data. Because of carbonate
water chemistry and the fact that the raw water
contains considerable carbon dioxide gas that effer-
vesces as the underground spring water contacts the
atmosphere, calcium carbonate precipitates as the
pH rises with the loss of the dissolved carbon diox-
ide. Bubbling air through the raw well water (aera-
tion) speeds the release of the carbon dioxide and
reduces the dissolved calcium concentration
through the precipitation of calcium carbonate. Add-
ing lime to the aerated water can remove additional
calcium and bicarbonate until the bicarbonate is
exhausted, which is called partial lime softening. At

Table 1. — Typical compositions of raw and partially
pretreated well water at La Verkin Springs. [3]

Raw Aerated Lime-
Units water water softened
water
Characteristics
pH unit 6.0 7.4 9.5
TDS by summation mg/L 9 243 8 754 8 430
TDS by evap. at 106 C mg/L 9 507 9 054 8 630
Summation of cations  meq/L 154 143 131
Summation of anions  meq/L 154 145 133
Conductivity at 26 C  uS/cm 14 800 14 100 12 800
Maximum recovery* % 23 37 50
Constituents
Calcium mg/L 820 600 420
Magnesium mg/L 150 144 128
Sodium mg/L 2220 2220 2 300
Potassium mag/L 182 181 180
Strontium mg/L 10 6 5
Barium Ma/L 90 ** *e
Iron mg/L <o0.1 <041 <041
Manganese Mg/L 13 * < 50
Free carbon dioxide mg/L 750 18 0
Bicarbonate mg/L 1266 795 0
Carbonate mag/L 0 0 26
Sulfate mg/L. 1860 1 850 1 850
Chloride mg/L 3 345 3330 3340
Silica mg/L 40 30 15

* Maximum degalting recovery while avoiding calcium-sulfate
precipitation at 20 C.
** Data not available,



LVS (according to table 1), the maximum desalting
recovery with lime treatment is about 50 percent,
not adequate for a practical desalting plant at LVS.
Further calcium removal by lime-soda softening
requires the addition of soda ash, which is an expen-
sive chemical relative to lime. At LVS, IX was
selected for experimental study because it — when
coupled with desalting above 80 percent recovery
where the desalting reject provides the IX
regenerant — was shown to be less expensive than
the alternative softening process, lime-soda soften-
ing coupled with about 70 percent recovery
desalting [2].

This report describes field and laboratory experi-
ments and modeling of the IX pretreatment process
as applied to LVS. A brief report of this work was
presented earlier [4]. Other reports contain the IX
field data without much data analyses or
conclusions [5, 6] and details of the testing of the
electrodialyzer used to produce the reject-brine
regenerant [7]. Testing at LVS of other processes
including aeration, lime, and lime-soda softening,
reverse osmosis, and a spiractor are outlined in two
of these reports [b. 6].

PURPOSES AND EXPERIMENTAL PLAN

The overall purpose of the LVS IX field tests was to
obtain feasibility data for the IX pretreatment proc-
ess applied to LVS, although the results are applica-
ble also to other sites with consideration given for
different water compositions. During 4 months, dif-
ferent IX operating conditions and procedures were
tested at LVS to try to optimize |X performance. The
IX data were studied to determine what operating
parameters (at LVS) yield maximum values for the
specific resin capacity for calcium removal {the mil-
fiequivalents of calcium absorbed per volume of
cation-exchange resin per cycle). Another process
parameter more indicative of IX equipment capacity
requirements defined here is called the time-
weighted resin capacity (the specific resin capacity
for calcium removal divided by IX cycle duration).
The time-weighted resin capacity is important
because. in an IX plant, it is inversely proportional to
the amount of cation-exchange resin required, which
is often the largest capital cost in an IX plant. Also,
because the use of sulfate-containing reject brine to
regenerate the cation-exchange resin can cause gyp-
sum scaling in the resin bed — unless special
methods are used to control the problem — another
dependent variable, the intensity of gypsum scaling
in the resin bed and piping was studied, which was
observed qualitatively in the field testing.

In addition to field tests at LVS site, laboratory IX
experiments at the E&R Center {Engineering and

Research — Bureau of Reclamation) on waters synthe-
sized to simulate LVS compositions were performed.
Laboratory experiments were done for the following
purposes:

1. Tostudy IX performance responses to process
variables that were not tested at the LVS site,

2. To determine to what extent such laboratory
experiments could substitute for much more
expensive field testing or to obtain X data, and

3. To provide data to model the cation-exchange
pretreatment process and, thereupon, to minimize
required experimentation in the future for the
water compositions at LVS and other sites.

Different operating procedures for the IX laboratory
experiments were used than for the field tests. Dur-
ing the laboratory experiments, the exhaustion and
regeneration of the cation-exchange resin column
were done to nearly complete equilibrium between
resin and solution rather than stopping them at a
maximum exhaustion effluent concentration (cal-
cium breakthrough concentration) or by a fixed vol-
ume of solution as had been done in the field
experiments. The synthetic LVS solutions were cat-
ionic chlorides to prevent the variable of gypsum pre-
cipitation during regeneration, which can occur with
sulfate-containing regenerant solutions to remove
calcium from the cation-exchange resin. This report
contains comparisons between the laboratory results
and the field results.

Two simplified models were developed from theory
to describe the IX process. Values for the parameters
were determined from the models by fitting statisti-
cally the model equations to the IX data. The purpose
of the modeling effort was to provide a descriptive
tool of the X process for allowing prediction of I1X
performance with different water compositions and
at different operating conditions without the need
for experimentation, or at least with a minimum of
experimentation.

One of the models predicts the equilibrium resin
composition and the initial effluent water composi-
tion during exhaustion. The other model describes
the exhaustion effluent composition curves assum-
ing that the rate of cation exchange between the
resin and solution is controlled by the mass-transfer
resistance of the “liquid film” surrounding the resin
beads and that the absorption of hardness cations
(calcium and magnesium} by the resin from solution
is greatly preferred over the absorption of sodium.
It was not possible to derive a model for the regen-
eration step because of time; however, it is outlined
in this report how one would approach the develop-
ment of a regeneration model.



CONCLUSIONS AND
RECOMMENDATIONS

caused maintenance problems by blockages in
flow. Higher specific resin capacities for calcium
removal were highly correlated with greater rates
and amounts of gypsum precipitating in the
IX-resin bed and effluent piping during regenera-
tion. In qualitatives agreement with the published

The success of testing LVS verifies previous projec-
tions that IX pretreatment can help at LVS and at
similar saline water sites to:

1. Achieve 90 percent or greater product-water-
recovery rates from desalination plants while mini-
mizing the brine-disposal waste stream,

2. Use saline water as makeup to evaporative
cooling towers while minimizing the brine-disposal
volume,

3. Minimize the size of evaporation ponds
needed to dispose of the waste brine,

4. Reduce pretreatment costs compared to alter-
native processes such as lime-soda softening,

5. Facilitate the operation and performance of
solar salt-gradient ponds by increased water and
regenerant-brine recycling and by reduced overall
system costs.

kinetics of gypsum precipitate formation, gypsum-
scale accumulation in the resin bed increased with
the calculated magnitude of calcium-sulfate
supersaturation levels in the regeneration effluent
and with the residence time for regenerant solu-
tion in the IX-resin bed. The gel-type, cation-
exchange resin tested at LVS, apparently because
of its smooth, spherical surface and because of
electrostatic repulsion of sulfate anion, shed
calcium-sulfate scale more easily than the mac-
roreticular resin, which contains porous channels,
used at the YOTF.

Restraining the resin bed during upflow regenera-
tion and increasing the regeneration flow rate
decreased the amount of gypsum precipitate
retained in the resin bed, primarily because the
regenerant residence time for the packed bed was
only about one-fourth that duration for the fluid-
ized bed. The observed benefit of a packed bed

Specific Conclusions regarding the IX pretreatment
process were made from the LVS IX experiments
and modeling.

to lower gypsum formation in the bed conflicts
with previous conclusions of others that a fluid-

1. The cation-exchange pretreatment process
was extremely successful in removing over 90
percent of the calcium and strontium from La Ver-
kin Springs water to allow demonstrated desalting
recoveries up t0 92 percent by an electrodialyzer
while avoiding any precipitate formation in the
concentrate stream. The reject brine from the
electrodialyzer was ample regenerant for the 1X.
The 1X process could pretreat LVS water equally
well for other desalting processes or a wet binary
cooling tower in which the waste brine would pro-
vide regenerant for the IX. Specific resin capaci-
ties for calcium removal were nearly double at
LVS what they were at YDTF (the Bureau’s Yuma
Desalting Test Facility, Arizona) for the same 1X
process. The high resin capacities at LVS are
attributed to the high sodium concentrations and
relatively large volumes of the reject-brine
regenerant. The fresh reject brine was so effective
by itself at LVS that recycled regenerant was not
needed 1o help regenerate the cation-exchange
resin. However, use of the recycled regenerant did
aid in moderating the rate of formation of gypsum
{calcium-sulfate dihydrate) scale in the resin bed
and effluent piping. which resulted from regenera-
tion with the sulfate-containing reject brine.

2. At LVS, the accumulation of gypsum scale in
the piping carrying the regeneration effluent

ized bed was necessary to prevent the accumula-
tion of gypsum scale in the bed, although the
previous investigations did not test a packed bed
system like the one tested at LVS. Gypsum-scale
accumulation in the regeneration-effluent piping
was prevented where there was common piping
for regeneration effluent and exhaustion feed,
whereby the feed water redissolved any precipi-
tate formed in the preceding regeneration. Recy-
cling regenerant provided large volumes of
weaker regenerant, which was used preceding
fresh reject brine to decrease the peak level of
calcium-sulfate supersaturation in the regenera-
tion effluent. Separating the regeneration-effluent
volume into selected fractions for regenerant
recycling could provide any desired lower concen-
tration of sodium in the recycled regenerant to
blunt the initial calcium-sulfate supersaturation
peak in the regeneration effluent. Such use of
graded recycled regenerant would limit the
gypsum-formation rate to control scaling in the IX
system without wasting water, which would lower
the overall water recovery of the i1X-desalting
system.

3. At LVS, no problems of microbiological foul-
ing from the IX product water were observed as
had occurred at the YDTF. The control of the mi-
crobiological growth at LVS was attributed
primarily to rechlorination of the IX product.



4. The laboratory experimentation yielded X
resin capacity data that was comparable to those
capacities obtained in the field experiments.
However, because synthetic chioride solutions
simulated LVS cationic water compositions the
laboratory experiments did not include any gyp-
sum precipitation during regeneration. The total
cost of the laboratory experiments was less than
one-tenth of the cost of the field IX experiments.
A greater amount of information on the behavior
of the IX process was obtained by extending the
influent-solution volumes of exhaustion and regen-
eration to where ionic equilibrium between the
influent solutions and IX resin was approached.
More common experimental practice, which
directly simulates commercial IX operation, is to
restrict volumes by a set maximum calcium break-
through concentration during exhaustion and a
practical brine volume during regeneration. Yet,
data collected — while using the extended
exhaustion and regeneration volumes — were suc-
cessfully interpolated to include the exhaustion
step terminated at practical calcium breakthrough
concentrations.

5. In the laboratory experiments, a range of
water temperatures of 15 to 35 °C had no signifi-
cant effect upon the cation-exchange equilibrium
or the mass-transfer rates including the shapes of
the exhaustion-breakthrough curves. In the field
experiments, increasing temperature did increase
the rate of gypsum precipitation in the IX system
during regeneration because the reject-brine
regenerants contained sulfate. Thus, the present
application of IX temperature need only be
considered important for gypsum formation dur-
ing regeneration but not for the cation-exchange
process itself.

6. Laboratory experimental results confirm that
the IX process without preceding lime softening
can effectively remove the calcium and other mul-
tivalent cations (which doesn’t include silica)
required for scale-free, high-recovery desalting of
aerated LVS well water. The resin volume needed
to soften aerated LVS well water would be about
29 percent greater than the resin requirement to
soften further by IX the water pretreated with
lime. The 29-percent larger IX plant would be sub-
stantially cheaper than the inclusion of the addi-
tional lime-softening pretreatment step. However,
without lime treatment to remove silica, the silica
in LVS water poses a potential scaling problem,
which needs to be investigated further at
recoveries above 80 percent in processes that
concentrate silica, such as reverse osmosis, distil-
lation, and wet binary cooling towers. Because
electrodialysis does not concentrate un-ionized sil-
ica, there definitely would not be a silica-scaling

problem at LVS with electrodialysis whether or
not the silica were removed.

7. The success of modeling the present IX proc-
ess was mixed. Qualitatively, the modeling was
very successful in better understanding and
describing the IX process, especially considering
this was the Bureau's first attempt at IX modeling.
Quantitatively, the models need more develop-
ment including more IX data for their confirmation
to provide more accurate estimates.

A. Equilibrium-model estimates of specific
resin capacity for calcium removal were low rel-
ative to experimental values; still, they were
judged useful if experimental data is
unavailable.

B. Equilibrium-model estimates of calcium and
magnesium concentrations in the initial effluent
from exhaustion were low relative to experi-
mental values, which is attributed primarily to
hydrodynamic aspects of flow through the
porous resin bed not included in the equilibrium
model, which includes the assumption of
instantaneous chemical equilibrium between
resin and solution.

C. For exhaustion of the laboratory IX cycles,
the initial bend of the S’ shaped curve of cal-
cium concentration versus throughput volume,
which includes the practical range of break-
through concentrations of calcium, is fit well by
a two-parameter exponential equation derived
from a liquid-film, mass-transfer model. Mass-
transfer coefficients calculated using the model
and laboratory data were of the same
magnitudes as previously published results and
increased with the 1.2 power of flow velocity,
which also agrees within experimental error
with published values.

Recommendations are made regarding future study
and further optimization of the ion-exchange pre-
treatment of LVS and other saline waters for
desalting feed water or cooling tower makeup.

1. The use of weaker recycled regenerant solu-
tions to lower the peak leve! of calcium-sulfate
supersaturation in the regeneration effluent needs
to be detailed in concept, confirmed in laboratory
experiments, and later demonstrated in the field.

2. Likewise, to prevent gypsum-scale accumula-
tion in the regeneration effluent piping. develop-
ment and demonstration is necessary regarding
the rinsing by exhaustion feed water of the midcol-
umn collector that collects regeneration effluent
and helps to maintain a packed bed.



3. The equilibrium model needs to be refined
from more complete cation-equilibrium data from
the laboratory for the system DOWEX® HCR-W2-
calcium-magnesium-sodium. Such data has been
collected in the Bureau’s laboratory and includes
development of an improved equilibrium model in
a parallel study of the present work.

4. Future field experiments of ion exchange
should include. but not necessarily be limited to.
exhaustion and regeneration to near chemical
equilibrium between solution and resin. This will
provide more information per |X cycle by com-
‘pletely characterizing the effluent-concentration
histories, which will better define IX behavior for
improved IX performance modeling and predic-
tion, with little increase in the collected data and
associated costs.

5. The liquid-film or similar models for the
exhaustion-effluent-concentration history should
be expanded to include three and possibly four
cationic components, which will require a finite-
difference, numerical solution using a computer.
6. Additional column experiments using a range
of calcium, magnesium, and sodium concentra-
tions in the exhaustion-feed water and regenerant
solutions will be needed to develop and confirm
the multicationic mass-transfer model in 5. above.

7. The regeneration step should be modeled to
include the effect of limited regenerant volume
and partial regeneration on exhaustion perform-
ance. The model of regeneration should include
unfavorable equilibrium relationships {propor-
tional patterns of effluent-concentration histories)
with possible corrections, if necessary. by includ-
ing mass-transfer-rate limitations.

8. Further work is needed to define accurate
silica-concentration limits prior to the onset of sil-
ica precipitation of LVS aerated water. This infor-
mation will determine whether cation exchange
can completely replace lime treatment as a pre-
treatment at LVS for processes that concentrate
the silica present in the well water to concentra-
tion factors above 4.

BACKGROUND

IX Process Description

Utilizing the reject desalting brine or cooling tower
blowdown to regenerate a fixed bed cation-
exchange softener often requires different
procedures [8 to 11] than when using common
sodium-chloride regenerant solution [12]. These dif-
ferences listed in table 2 are required because of the

occurrence of supersaturated calcium sulfate in the
effluent of regeneration with sulfate-containing
brines and to the limited volume of regenerant {reject
brine) available per IX cycle.

The individual steps of a typical IX cycle using
desalting-reject-brine regeneration and recycled
regenerant in table 2 have the following purposes.

Exhaustion. — Feed water is softened (calcium and
magnesium ions are absorbed) by downward flow
through the cation-exchange-resin bed. Exhaustion
of the resin continues until the calcium concentra-
tion in the effluent increases to a set breakthrough
concentration, which is determined by the maximum
allowable calcium in the effluent while avoiding gyp-
sum precipitation. Then exhaustion is terminated.

Exhaustion is the only step in the IX cycle when water
is being pretreated. All other steps in the cycle pre-
pare the resin for this softening step. Exhaustion also
sometimes is called “service.”

Drain 1. - Feed water is removed from the resin bed
to avoid excessive dilution of recycled regenerant in
the following step.

Regeneration 1. — Recycled regenerant from a
storage tank is used for an upflow backwash and par-
tial regeneration. This backwash removes suspended
particles filtered from the feed water during
exhaustion and reclassifies the resin beads by par-
ticle size with increasingly larger particles closer to

Table 2. — Comparison between an |X softening cycle
using NaCl regeneration and a cycle using desalting
reject-brine regeneration

Flow
direction

Mode Input Output

A. NaCl regeneration used in standard cation-exchange softening

Exhaustion Feed Product Down
Backwash Feed Waste Up

Regeneration  NaCl solution Waste Down
Drain Vent or air Waste Down
Slow rinse Feed Waste Down
Fast rinse Feed Waste Down

B. Regeneration with desalting brine for high recovery pretreatment1

Exhaustion Feed Product Down
Drain 1 Vent or air 'waste Down
Regeneration 1 Recycled regenerant  Waste Up

Used regenerant Up

Used regenerant Up

Waste Down
Iwaste Down

Regeneration 2 Recycled regenerant
Regeneration 3 Fresh desalting reject
Drain 2 Vent or air

Rinse {(slow) Feed

! Except for Regeneration 1, waste streams could be recycled by
combining them with other process streams to minimize the net
wastage of water. The penalty for recycling these streams would be
fractionally larger equipment capacity to handie the recycled fiow.



the top of the bed and finer resin particles toward
the bottom. The effluent of Regeneration 1 is the
major process waste stream containing nearly the
total volume of reject from the coupled desalting or
cooling process when the total reject volume is used
to regenerate the IX. Regeneration 1 volume per
cycle should match Regeneration 3 volume for
steady-state system if there are no other regenerant
losses.

Hegeneration 2. — Recycled regenerant continues to
pass through the resin bed upflow, but the used
regenerant is returned to the recycling system for
further use.

Regeneration 3. - Fresh reject-brine regenerant
passes upflow through the resin bed providing a
higher strength regenerant than the recycled
regenerant. The effluent is recycled for use in
Regenerations 1 and 2.

Drain 2. - The excess regenerant is removed from
the resin bed to lower the subsequent rinse volume.

Rinse. - The remaining regenerant is flushed down-
flow from the resin to provide a high-quality effluent
in preparation for the beginning of the exhaustion
step of the following cycle.

The LVS field experiments included the cycle above
and variations to it. In the laboratory experiments,
the exhaustion step was taken beyond a normal
breakthrough concentration to approach total equi-
librium of the resin with the feed solution.

The average volume of fresh regenerant V; available
per IX cycle from desalting reject is a function of the
desalting recovery and the exhaustion throughput
volume per cycle. A flow balance between the IX and
desalting processes yields V; as a function of the
fractional desalting recovery A and the volume of
exhaustion product per cycle V, according to:

Vi = V,(1 - A) (1)

Supersaturated calcium suifate in the regeneration
effluent is a consequence of the high concentrations
of calcium eluting from the cation-exchange resin
during regeneration plus high concentrations of sul-
fate contained in the desalting reject brine. To avoid
gypsum (calcium sulfate dihydrate) scaling of the
resin bed, the regeneration is carried out with
upward flow, countercurrent to downward flow of
the exhaustion step, and the upward flow is at a suffi-
cient velocity to fluidize the bed similar to a back-
wash. Similar methods were developed for the
regeneration of IX resins using sulfuric acid [13].
Because the precipitation of gypsum crystals is not
immediate but delayed due to the reaction kinetics

of gypsum formation [14], the regenerant solution
can be passed through the resin bed rapidly enough
in many cases that no significant amount of gypsum
can accumulate in the bed.

Recycling some of the regenerant (an innovation
developed at the University of California [10]) off-
sets the limited volume of fresh desaliting reject
made per IX cycle according to equation 1. This lim-
ited regeneration volume becomes particularly
important with the high-regeneration flow rates used
to prevent gypsum accumulation in the resin bed
because mass-transfer rates may be insufficient to
adequately regenerate the resin in the resulting lim-
ited regeneration time.

Recycling the regenerant involves desupersaturation
of the calcium sulfate in the used regenerant. This
is accomplished by contacting the used regenerant
solution with gypsum crystallites in an agitated tank
which operates as a batch system [10] or a spiractor
which operates continuously [5.6.15]. The seed
crystallites are gypsum precipitate retained from pre-
vious IX cycles. After stopping the agitator in a batch
recycling tank, the gypsum crystals separate from
the solution by sedimentation. In a spiractor, the
solids-liquid separation occurs because of centrifu-
gal force like that of a cyclone where the fluid is
forced along a circular path and the momentum of
the suspended particles carries them to the circular
wall where they collect and settle out. Because pre-
cipitation and settling of gypsum removes calcium
and sulfate ions from solution, it also lowers the TDS
(total dissolved solids) concentration of the used
regenerant. The clear supernatant becomes recycled
regenerant and is transferred to a storage tank.
Because the recycled regenerant has a lower con-
centration of sodium, a lower total solution normal-
ity, and a higher calcium concentration compared to
fresh reject brine, it could remove less caicium from
the resin than fresh regenerant and is used prior to
fresh regenerant.

lon-exchange performance to absorb a particular ion
is characterized by the specific resin capacity. the
gram equivalents of the ion absorbed during an
exhaustion step of an IX cycle per volume of resin.
In the present application, the cation needing re-
moval is calcium. The specific resin capacity for cal-
cium removal g¢, is @ complex function of feed and
regenerant compositions, total cationic exchange
capacity and selectivity of the resin, and IX cycle
operating conditions including flow rates, solution
throughput volumes, and contact times between
solution and resin. The effects of these variables on
Gca are major subjects of this report.

The value of gc, (in a similar manner gyg) can be
calculated from IX exhaustion performance data
using:
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where:
Gca = the specific calcium resin capacity
eq/m?d,
V, = the throughput volume of the

exhaustion step m3,

Clca = the calcium concentration in the 1X
feed water eq/m3,

C%a = the calcium concentration in the IX
effluent eq/m3, and

V,,..; = the volume of resin m3,

resi

The integral term in equation 2 generally is estimated
numerically from discrete measured points of C9%,
versus V.. In the present work, the trapezoidal rule
was usecf.

Because the IX resin is often the greatest capital cost
item in an iX plant, it is important for feasibility and
design purposes to estimate the amount of resin
required to treat a particular flow. Derived from a
mass balance of calcium the total volume of cation-
exchange resin, V ,..,in m? needed to treat an aver-
age feed flow, Ggg,yin m3/h, from a feed-calcium
concentration of (¢, @q/m? can be calculated from:

Vo = Gfeed(c’éa'caCa) L (3)

resi,
qCa

where:
t, = the duration of the IX cycle in hours.

Thus, when using pilot plant performance to calcu-
late the amount of resin required to treat a given feed
flow and calcium removal. it is important to include
not only gg, but also £.in the calculations. The cycle
duration is the sum of the durations of each IX step
according to:

A A
t,=—+4+ ——— + — +1t, (4)
¢ G, Gy G, °

where:
V, = volume of the exhaustion step m?
G, = flow rate of exhaustion m¥/h,
G; = flow rate of fresh regenerant m3/h,
V. = volume of recycled regenerant m?,
G, = flow rate of recycled regenerant
, m3/h, and
t, = durations of other steps in the cycle

including rinse, backwash, and
drains, h.

The numerator of the second term on the right side
of equation 4 is the fresh regenerant volume from
equation 1.

Equation 4 illustrates how ¢, decreases as flow rate
of exhaustion or regeneration are increased. How-
ever, an increased flow rate also can decrease qc,
because of mass-transfer rate limitations which leads
to decreased V, per cycle. Thus, to compare various
IX cycles in terms of the resin requirements for a
plant design, a new combined variable is introduced.

The time-weighted resin capacity W for calcium
removal is defined by:

dca

te

The units of Ware equivalents of calcium per
cubic meter of resin per unit of time. Use of sub-
script Ca with W is not used for brevity as with
Gce but W always implies absorption of calcium
in this report. Note that W is inversely propor-
tional to V,,,, according to equation 3.

W= (5)

There are practical hydraulic limitations which
need to be considered in increasing flow rates. For
example, a lower range of G, may be accom-
plished by gravity flow through the resin bed but
higher G, would require an applied pressure to
the top o? the bed requiring a pressure vessel and
greater pumping costs [ 16]. Thus, comparisons of
IX performances among various cycles using their
values of W alone are useful only within certain
ranges of flow rates.

YDTF Results

The IX experiments at LVS were done after the simi-
lar series of experiments at the Bureau's YDTF in
chronology and experimental design. Many of the
findings from the YDTF were applied to the LVS
experiments. A summary report[17] and a com-
prehensive final report [18] contain the data and
analysis of the YDTF IX study. A summary of key
YDTF results important to the LVS experiments are
summarized here.

1. 1X cycles having the steps listed in table 2B
were the most successful in maximizing W while
controlling any accumulation of gypsum scale in
the resin bed. Thus, the use of a fluidized bed in
regenerating the resin upflow and the use of
recycled regenerant were confirmed.

2. Temperature was found to be a critical vari-
able in determining the rate of formation of gyp-
sum in the resin bed during regeneration. Higher
temperatures caused faster rates of gypsum
formation in the bed. Relatively low regeneration
flow rates were insufficient to fluidize the bed ade-
quately and lower the residence time of supersat-
urated regenerant solution for avoiding scale
accumulation as described in 1. above.



3. There was insignificant correlation between
the intensity of the gypsum scaling observed in the
resin bed and IX performance in terms of soften-
ing. Permanent harm to the resin from the scaling
was not observed. Accumulation of scale was
removed from the resin bed by dissolution in a
sodium chloride solution. The importance of gyp-
sum scaling involved the need to maintain uniform
flow distribution in the resin bed and to avoid flow
blockage in the regenerant effluent piping.
Accumulation of scale did not occur where the
regenerant effluent and exhaustion influent piping
were common because the feed water would
redissolve any gypsum crystallites formed in the
bed and common piping during the previous
regeneration.

4. The addition of 100 g/m?® of SHMP (sodium
hexametaphosphate) to the regenerant com-
pletely eliminated gypsum formation in the sys-
tem. However, the addition of SHMP to the
regenerants in a future I1X plant at Yuma, Arizona,
is not recommended because higher resin capaci-
ties occurred during cycles without SHMP and the
addition of SHMP would be a multimillion dollar
annual cost which is infeasible.

5. Microbiological growth occurred in the IX
product water as a result of an absence of any dis-
infection following the IX. As a result, there were
consistently high plugging-factor readings in the
desalting feed water which would probably cause
membrane fouling and loss in desalting perform-
ance as observed in the electrodialysis unit oper-
ated following the IX.

6. There was no observed advantage in using
macroreticular cation-exchange resin in the 1X
experiments at the YDTF compared to what
would be expected with the cheaper and slightly
higher capactiy gel-type resin. Although the gel
type was not tested at the YDTF, it had been suc-
cessfully tested in similar applications
elsewhere [10,11,15].

LA VERKIN SPRINGS FIELD
EXPERIMENTS

Introduction

lon exchange experiments were one of the most
important aspects of field testing at La Verkin
Springs. Other pilot plant equipment tested at LVS
included aeration diffusers to remove carbon diox-
ide gas from the raw well water, a lime-softening-
filtration system, a spiractor for desupersaturating
calcium sulfate, and a reverse osmosis unit. Reports
by the site contractor [6] and by the Bureau of

Reclamation [6] describe the equipment for each
test and contain the raw data. However, neither
report contains an adequate analysis of the IX data
nor presents conclusions. An analysis of the ED (elec-
trodialysis) unit performance used for making the
reject brine for IX regeneration is in another
report [7].

Equipment

The IX equipment was described in detail (including
photos and drawings) in a report of the IX experi-
ments at the YDTF where the equipment was first
operated [18]. The equipment was moved to LVS
and modified slightly as described below. The test
site is shown on figure 1. A flow sheet of the IX-ED
system is shown on figure 2.

The IX pilot plant contained two transparent acrylic
columns, 2.5 meters high and 0.34 meter inside
diameter, each charged with about 1.15 cubic
meters of DOWEX® HCR-W2 gel-type cation
exchange resin. Manufacturer’s specifications for

Figure 1. - View of the Laverkin Springs test site.



the resin are in appendix A. Much of the IX was con-
trolled by a microprocessor operating about 35 elec-
tric motor-operated valves and 4 pumps. Figure 2
shows the various tanks used to store the various
solutions including tanks 5 and 6 used to recycle
regenerant.

At LVS, there were four changes made to the IX pilot
plant equipment based on previous results at the
YDTF described in the previous section of this
report:

1. The Amberlite® 200 macroreticular cation
exchange resin used at the YDTF was replaced at
LVS with DOWEX® HCR-W2 gel-type cation-

exchange resin. The gel-type resin was selected 2

for LVS because:

b. The availability of the gel type is greater and
its cost is lower.

c. The specific capacity of the gel type is
about 10 percent greater.

d. The gel type has a smoother bead surface
presumably allowing less adhesion of gypsum
when formed during regeneration. It would be
possible that gypsum could precipitate inside
the pores of the macroreticular type, except for
the fact that the pores are so small that the high
negative charge density of the cation-exchange
material probably excludes to a large extent the
sulfate (divalent anion) from the resin-bead
pores by electrostatic repulsion [19].

A heat exchanger was added to allow heating

the IX regenerant to the maximum expected sum-

mertime water temperature of about 25 °C. The

a. The higher physical strength of the macrore- purpose of heating the regenerant was to simulant
ticular type is unnecessary in the present proc- the worst operational condition of gypsum precip-
ess application. itation where the gypsum precipitation was at its
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Figure 2. — Flow schematic of La Verkin Springs IX pilot plant.



maximum rate expected at LVS. The shell-side
heating fluid for the heat exchanger was excess
raw well water, which had a temperature averag-
ing about 40 °C.

3. A system was installed in the IX column of the
pilot plant for maintaining a packed resin bed dur-
ing high upflow regeneration flow rates [20.21].
The system used a regeneration-effluent collector
consisting of a cross of perforated pipe wrapped
with No. 563 mesh-plastic screen, which is small
enough to exclude resin particles larger than
about 0.28 mm in diameter. As listed in appendix
A, the HCR-W2 resin used was 99 percent larger
than U.S.A. Standard sieve No. 40 (mesh) or
greater than 0.42 mm in diameter. This collector
was installed about 50 millimeters below the top
of the settled resin bed.

Operation of the packed bed system involving the
transition between Regeneration 1 and Regenera-
tion 2 in table 2B is illustrated by the four steps
on figure 3:

A. Aftercompletion of a usual
Regeneration 1, which is a 10-minute back-
wash with recycled regenerant,

B. The upward flow through the column was
stopped, the resin was allowed to settle. and
the solution in the column was drained to the
level of the collector. This left about a 50-mm
depth of resin at the top of the bed in contact

USED REGENERANT AR VENT

WATER 1 ‘ TO WASTE
BEADS.\_ .| ..
BEADS §
WATER
- > @«-W

RECYCLED

with moist air rather than being submerged in
solution.

C. Just prior to Regeneration 2. a small flow
of compressed air causing 50 to 100 kPa of
pressure in the column was applied to the top
of the column and the air allowed to exit the
column through the midcolumn collector.

D. When Regeneration 2 was started, this
downward airflow was sufficient to cause the
upward flowing regenerant to leave through
the midcolumn collector with the air and to
maintain a packed bed. With the packed bed
system, the maximum upward regenerant flows
were 50 percent greater — limited only by the
capacity of the regeneration pump — than the
flow rates that were normally used for regenera-
tionwitha fluidized bed expanded by 50percent.

4. An additional secondary chlorination system
was installed to control microbiological growth in
the IX product water piping and storage tank. The
system added sodium hypochlorite solution to
maintain a chlorine residual of 0.5 g/m? in the IX
product water. A dechlorination system was
installed to add sodium sulfite to water leaving the
IX product tank. The free chlorine residual was
removed prior to the ED to prevent chiorine attack
of the ED membranes.

Experimental Procedures

Pilot-plant operators (on duty 24 hours per day)
measured and adjusted flow rates, measured tank

COMPRESSED AIR

COMPRESSED AIR

k

RECYCLED OR FRESH

CLOSED BOTTOM

REGENERANT USED REGENERANT REGENERANT
TO WASTE
(A) BACKWASH (B) DRAIN AND (C) AIR APPLIED (D) UPFLOW
CAUSING SETTLING JUST PRIOR REGENERATION
FLUIDIZED OF BED TO (D) WITH PACKED
RESIN BED BED

Figure 3. - Operation of packed bed system during regeneration.
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volumes, and titrated samples of the IX exhaustion
effluent for determining calcium breakthrough of the
resin bed to terminate exhaustion. They made other
readings and measurements, collected samples for
the laboratory chemical analyses, and recorded
observations. Chemical analyses of sodium, calcium,
and magnesium were by atomic absorption spectro-
photometry. More detail on measurement and calcu-
lation methods were published previously [18].

Desalting recovery was related to reject-brine TDS
concentration by:

C's-C’
A= —L—°2 (6)
C'y-C'p
where:
A = the desalting recovery percent,
C’y = TDS concentratior of reject brine
g/md,
C’', = TDS concentration of desalting
feed g/m?, and
C’', = TDS concentration of desalting

product g/m3.

Equation 6 was derived from a TDS mass balance
about the ED unit. A was calculated using equation
6 because chemical analysis data was subject to less
error than flow measurements. Two levels of reject-
brine TDS concentration C ' operated at LVS were
about 42 and 97 kg/m?, which correspond to
desaiting recoveries of 80 and 92 percent,
respectively.

A trial and error approach was necessary to obtain
the balance of feed and regenerant-brine flows dic-
tated by equation 1. The process was judged at equi-
librium after at least three repetitive cycles when the
actual fresh regenerant volume and the volume
calculated using equation 1 agreed within 10 per-
cent. Unfortunately, because the LVS operating per-
sonnel did not accurately determine the brine TDS
concentration during operation of the IX experi-
ments, they presumed from ED operating data that
the ED recovery was 90 percent at the higher level
rather than the 92 percent that was later calculated
from the laboratory TDS data. As a result, the fresh
regenerant volume used per cycle at the higher brine
concentration was about 20 percent too high.
However, the recovery at 80 percent was correctly
estimated in the field, and the regenerant volume
and exhaustion volume balanced according to equa-
tion 1 at 80 percent recovery.

Experimental Design
The IX experimental design at LVS was in the nature

of screening experiments [22]. The independent or
control variables were controlled at just two levels

1

in nearly every case. Dependent or response vari-
ables were measured at each set of control variables.
Sufficient time was not available to experiment with
intermediate control levels to generate response sur-
faces with equations higher than first order and
therefore establish curvature between the control
and response variables. Because the IX data were
collected for feasibility and not design purposss, the
amount of 1X data collected at LVS by this
experimental design was more than sufficient.

Dependent variables. - Dependent variables are also
called the response variables. They are:

Specific resin capacity for calcium removal 9Car

Time-weighted resin capacuty w,

Intensity of gypsum scale in the resin bed. and

Calcium-sulfate supersaturation in the regenera-
tion effluent.

The values of g, were calculated using equation 2
with the integration done numerically using the trap-
ezoidal method. Equation 6 defines W. Operating
personnel qualitatively observed and recorded the
intensity of gypsum scaling within the transparent IX
column. An estimate of the amount of calcium-
sulfate supersaturation in the regenerant effluent
was calculated using a computer program listed in
appendix C, modified from one developed by Mar-
shall and Slusher [23].

Independent variables. — Independent variables are
also called the control variables. In the field experi-
ments they were:

Fresh regenerant TDS concentration C ', g/m?,

Fresh regenerant flow rate G, m3/s,

Recycled regenerant flow rate G, m3/s,

Recycled regenerant volume V, m".

Regenerant temperature 7, degrees Celcius,

Fluidized versus compacted resin bed during
regeneration,

Addition of SHMP to the regenerants, and

Special rinse procedures.

The regenerant brine TDS concentration was used
to to determine other variables. Desalting reco' g
was related to C;by equation 6. As discusse:
viously, equation 1 fixed the volume of fresh re
ant to be used per cycle. The calcium break!
concentration allowed before terminatior
exhaustion step was varied as a func
regenerant-brine concentration to more res
reflect the different calcium-removal requi
for preventing calcium-sulfate precipitation .
ent brine-concentration factors. Calcula
calcium-sulfate-saturation concentrations [
LVS reject-brine compasitions vielded 6 eq/
12 eq/m? of calcium for desalting recoveries
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and §2 percent, respectively. Thus, caicium-
concentration set points of 6 eq/m? and 12 eq/m?3
in the exhaustion effluent were used by the operators
to terminate the exhaustion step during cycles with
fresh regenerant TDS concentrations of 42 and
97 kg/m3, respectively. These set-point concentra-
tions were conservatively low because the average
calcium concentration of the exhaustion effluent
was always much lower than the breakthrough con-
centration. This means that more feed water couid
have been passed through the resin during each
exhaustion step, which would have yielded higher
Gcq- While still avoiding any gypsum precipitation in
the ED.

Regenerant temperature was either ambient or
raised to about 25 °C by a heat exchanger. The
method for maintaining a compacted resin bed dur-
ing upfiow regeneration is described in the equip-
ment section; otherwise the bed was fluidized. The
SHMP addition to the fresh regenerant was at levels
of zero, or at 100 g/m?® which is probably impracti-
cally high.

Special rinse procedures sometimes replaced the
standard rinse in table 2 following regeneration with
a compacted resin bed. The purpose of the special
rinses was to try to alleviate some of the gypsum-
scale accumulation in the resin bed and
regeneration-effluent piping. Special Rinse 1 was an
upflow rinse having a fluidized bed followed by a

downflow rinse. Spnecial Ringe 2 had three parts: a

Uvy MYviiGH &

1-minute downflow rinse, a 10-minute S|multaneous
upflow and downflow rinse exiting through the mid-
column collector, and a final 1-minute downflow
rinse.

Results

Table 3 summarizes the experimental pilot-piant data
for the 16 IX data cycles completed in the
experimental design at LVS. Figure 4 graphically
shows the responses of the dependent variables qc,
and W from table 3. Comprehensive sets of raw and
calculated data for each of the data cycles is in

appendix B. The cycle designations refer to, in order,

L. for La Verkin Springs, the IX run number operated
at a given set of operating conditions, and the num-
ber of cycles completed at that operating condition
culminating in the data collection cycle. Gaps in the
numerical run number sequence occur because not
all of the originaily planned run conditions were
started or completed with a full set of data because
of the findings from preceding experiments or a limit
of time. Note that the total number of cycles op-
erated at the 16 operating conditions add up to 432,
a relatively large number, which is why the experi-
ments took some 3 months of continual operation
to complete and were many times more expensive
than the laboratory IX experiments.
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Some of the chemical analysis results in appendix B
are apparently in error. Indications of analytical error
are that the equivalents per liter of anions and
cations reported in some of the water samples do not
balance as closely as the expected precision of the
analytical methods and that the total normalities of
the solutions flowing into and out of the IX resin bed
are not always nearly equal when they must be (un-
less at the beginning of a step another solution from
a preceding IX step had not yet been displaced). The
errors are most apparent in the compositions of the
regenerants, which required extreme dilution prior to

analysis by atomic absorption spectroscopy because
Of fhPIr hlﬂh mnm r‘nnm:nfrafmne fhnf waere done by
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the E&R Center chemistry Iaboratory Many of the
samples were rerun at the E&R Center; still, a few
of them seem to be in error. Generally, the analyses.
done by the Bureau’s Boulder City, Nevada, regional
laboratory and the laboratory at the YDTF do not
have such inconsistencies. Fortunately, the exhaus-
tion samples, used to calculate the resin capacities.

seem to be reasonably accurate. The results pre-

sented and discussed in this report are thr\ugh+ to be

based on accurate chemical analyses, unless
otherwise explicitly indicated.

The amount of gypsum scaling in the resin bed.
another interesting response variable, was not
directly quantifiable. Qualitative gypsum scaling
observed in the resin bed are noted in the following
paragraphs analyzing the response to each control
variable. in addition, caiculated caicium-suifate
supersaturation levels in some of the regeneration-
effluent solutions is in table 4. Values in table 4 rep-
resent the amounts of calcium sulfate that would pre-
cipitate from the supersaturated regenerant-effluent
solution if allowed to come to equilibrium at 25 °C.
The complete computer printouts of the results and
the computer program used to calculate these
supersaturation values are listed in appendixes C
ana v.

Regeneration TDS concentration. — As shown on fig-
ure 4, both gc, and W were higher with C'f—
92 g/L {92 percent recovery reject brine) than they
were with C'r= 40 g/L (80 percent recovery reject
brine). For the last 11 runs of the 12, with C'f=
92 g/L excluding run number 5, it is remarkable qg¢,
was so invariant, relatively {mean of 1.032 eq/L and
standard deviation of 0.046 eq/L). With C'f=
40 g/L, no gypsum scale accumulated in the resin
bed when recycled regenerant was used preceding
fresh regenerant, which agrees with results at the
YDTF [18]. Note also that the amount of supersat-
uration in the regeneration effluent was also rela-
tively lower under these conditions (cycle L.02.12 in
table 4). But with C’r= 92 g/L, gypsum scale
remained in the 1X column at the end of regen-
eration with all operating conditions except when



Table 3. — Results of La Verkin Springs ion exchange experiments

N Fresh  Fresh Recycled Recycled Fresh Calcium Exhaus- Cycle Exhaus- Time-
Cycle o 1980 regen. regen. regen. regen. regen. specific tion dura- tion weighted
desig- t Date TDS flow flow volume temp. resin dura- tion  fraction resin
nation e run  conc, rate rate o capacity tion of cycie capacity
s g/L  L/min L/min L o] eq/L min min time meg/L min
80 percent recovery reject brine regeneration. Exhaustion termination concentration 12 meq/L of calcium
L.01.97 1-29 413 121 NA 0 16,5 0.585 120 216 0.559 2.7
L0212 H 21 398 121 240 1591 118 0.761 152 317 480 240
L.03.35 PH 2-14 394 11.9 NA 0 259 0681 163 253 .699 2.69
L.04.11 PH 2-17 398 12.0 24,2 1673 255 0.860 189 370 510 232
92 percent recovery reject brine regeneration, Exhaustion termination concentration 6 meq/L of calcium
L.05.54 H 228 920 26.0 NA 0 268 0.341 73 118 619 2.89
L.10.14 H 3-8 934 236 23.1 1594 26.4 1.019 187 308 .609 3.31
L.12.22 PH 314 928  23.7 23.8 1610 250 0996 201 318 .631 3.13
L.17.17 PH 3-18 933 336 32.2 1602 25.7 1.082 196 296 662 3.66
L.18.13 P 321 913 23.6 241 1592 176 1.089 196 321 .610 3.39
L1927 ¢ 3-27 908 363 34.7 1597 136 1.012 188 283 660 3.58
£.20.09 329 919 23.7 23.6 1603 13.6 1.065 198 316 .630 3.37
L.22.15 P 44 909 358 33.0 793 175 0.991 178 250 .710 3.96
L.23.19 PS 416 90.0 240 NA 0 225 0.964 177 228 .780 4,23
L.24.11 PHS 4-18 901 23.2 NA 0 295 1.030 191 243 .786 4.24
L.256.22 PR1 49 928 306 331 791 194 0998 193 282 680 3.54
L.26.14 PR2 4-12 928 33.0 33.1 798 19.4 1.103 200 278 .760 3.97
Notes:
H  — heat exchanger used to heat regenerant to summertime temperatures.
P — resin bed packed during upflow regeneration. In other cycles the resin bed was fluidized during regeneration.
S — SHMP (sodium hexametaphosphate) added to regenerant to prevent gypsum scaling.
R1 — special upflow rinse foliowed by a downflow rinse.
R2 - simultanteous upflow and downflow rinses passing out of the column through the collector in top of the resin bed.
NA — not applicable.

SHMP was added to the fresh regenerant {see para-
graph following regarding SHMP added). This agrees
with data in table 4, which shows the greatest levels
of supersaturation for cycles L.05.54 and later hav-
ing C'f= 92 g/L of TDS,

Use of recycled regenerant. — The use of recycled
regenerant increased gp, and moderated gypsum
scaling. During run number 5 when recycled regener-
antwas notused (V, = 0)and C'y= 92 g/L. gypsum
scaling was so severe that flow distribution in the
resin bed was hampered greatly and the gypsum
redissolved during rinse and exhaustion, which
apparently contributed to the lower gc,. The high
level of gypsum scaling of run b agrees with the high
level of supersaturation for L.05.54 in table 4. De-
creasing V, from 1600 to 800 L without SHMP and
to zero with SHMP had no significant affect on qc,.
but decreasing V, did increase W as would be
expected from equations 4 and 5.

Packed bed and regeneration flow rate.— The maxi-
mum regeneration flow rates (G, for fresh regenerant
and G, for recycled regenerant) that were possible
with a fluidized bed having 50 percent bed expan-
sion were about 24 L/min at the lowest regenerant
temperatures because the fluidized bed reached the
top of the column at these conditions. Because there
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was not this limitation when a packed bed was main-
tained, the regeneration flow rates could be
increased to 36 L/min, the upper limit for the flow

Table 4. — Calculated calcium-sulfate supersaturation in
regenerant effluent of selected LVS X cycles. Each
regeneration-effluent stream listed had the highest
level of supersaturation in that respective IX cycle.
Calculation procedure modified from methods
developed by Marshall and Slusher [23] were
detailed previously in the final Yuma high
recovery report. [18]

Cycle Effluent Calcium-sulfate
number stream Supersaturation {millimoles/L)*
average peak
1.02.12 Regeneration 1/2 8.8 259
L.03.35 Regeneration 3 348 50.5
L.05.564 Regeneration 3 70.4 100
L.10.14 Regeneration 2 29.7 70.6
L.22.15 Regeneration 2 40.1 74.0
L.23.10 Regeneration 3 83.2 150
L.24.11 Regeneration 3 73.1 143
L.26.14  Regeneration 2 45,7 84.0

* Pgedicted amount of calcium sulfate that would be precipitated
at 25 C if allowed to come to chemical equilibrium based on chemi-
cal analyses of supersatured regenerant-effluent solutions given in
appendix B.
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Figure 4. - Specific calcium resin capacities and time-weighted resin capacities during LVS field experiments.
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capacity of the regenerant pump used. Qualita-
tively, there was less gypsum scale formed and
accumulated in the resin bed at C' ;= 92 g/L when
a packed bed was used than when the bed was flu-
idized during regeneration. This contrasts with the
result that the average amount of calcium-
supersaturation apparently was somewhat greater
with the packed bed (cycles L.22.15 and L.26.14 in
table 4) than with a fluidized bed (L.10.14). However,
during packed bed regeneration, gypsum scale
accumulated gradually in the midcolumn collector
system used to maintain the packed bed, which
blocked regenerant flow. The obstruction of flow
could only be eliminated by suspending operation
while operators scraped the gypsum scale from the
collector and, in the most severe cases, had to
replace the piping because they were unable to
remove the gypsum scale. Yet, there was no signifi-
cant difference in gz, whether or not a packed bed
was used. The use of a packed bed and a higher
regeneration flow rate did increase W, largely
because the cycle time was less according to
equation 4.

Regenerant temperature. — No consistent difference
in gc, or W occurred among the runs whether or not
the heat exchanger heated the regenerant by up to
156 °C. The gypsum scaling in the IX column was
worse qualitatively at higher temperatures, which
agrees with results at the YDTF. There was no appar-
ent effect of temperature on the amount of calcium-
sulfate supersaturation.

SHMP added to the fresh regenerant — No gypsum
accumulated in the IX system during the addition of
100 g/m? of SHMP (sodium hexametaphosphate)
scale inhibitor to the fresh regenerant and with a
packed bed, even when C' = 92 g/L and with no
recycled regenerant, which create serious gypsum
scaling without SHMP. Yet the amount of super-
saturation in the regeneration effluent was greatest
when SHMP was used (cycles L.23.10 and L.24.11
in table 4), apparently because no recycled regener-
ant was used at the time of SHMP addition. The use
of SHMP did not increase qc, despite the absence
of gypsum-scale formation, but W increased
because recycled regenerant was not used, which
lowered t, by eliminating the third term of cycle time
in the right side of equation 3.

Alternative rinse procedures. — The special Rinse 1
had no beneficial effect on moderating gypsum scal-
ing in the resin bed. However, special Rinse 2 was
successful in reducing visible gypsum scale in the
resin bed, but there was still some scale buildup in
the effluent collector piping.

Gel-type resin.— Only macroreticular resin was op-
erated at the YDTF, and only the gel type was tested

at LVS. Thus no quantitive comparisons between
performances of the two types of cation-exchange
resin are possible. However, it was found qualita-
tively that gypsum scale, when formed, was shed
more easily from the surfaces of the gel-type resin
than was observed with the macroreticular resin at
the YDTF. With the gel resin at LVS, any gypsum in
the resin bed acted like a separate slurry phase that
did not stick to the resin beads but could be back-
washed from the column.

Chlorination of the IX product water. - High plugging
factors did not occur in the IX product water at LVS
as they did at the YDTF. At LVS, chiorination of the
IX product apparently controlled microbiological

- growth and kept plugging factors low. Operation
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without chlorine in the IX product was not attempted
at LVS.

Discussion

The relative constancy of the specific calcium resin
capacity qc, at about 1.0 eg/L when the fresh
regenerant TDS, C',= 92 g/L, at a variety of op-
erating conditions suggests that the resin was nearly
at-equilibrium with the fresh regenerant solution fol-
lowing regeneration during these cycles. This is
verified by results from an equilibrium model in a
later chapter on modeling. The maximum or total
specific resin capacity of DOWEX®HCR-W?2 in the
sodium form is given in appendix A as 2.0 eq/L. The
value of 1.0 achieved at LVS is nearly double the
maximum value that was obtained at the YDTF,
which cannot be accounted for in the 10-percent
higher total capacity of the gel resin operated at LVS
relative to the total capacity of the macroreticular
resin used at the YDTF. But many other variables
were different between the two sites, particularly the
water compositions. A mass balance of sodium
between the fresh regenerant and resin bed of the
pilot plant per cycle at LVS shows that the equiv-
alents of sodium in the fresh regenerant volume
when C' ;= 92 g/L was over five times the calcium
resin capacity of the bed. It is also possible to
conclude that the recycled regenerant had no signifi-
cant benefit in increasing qc, in terms of 1X equilibria
and stoichiometry.

Gypsum scale in the resin bed. - The recycled
regenerant was beneficial, however, in limiting the
detrimental effects of gypsum scale. Because the
recycled regenerant is relatively weaker in strength
(lower in sodium and TDS and higher in calcium) than
the fresh regenerant, the recycled regenerant elutes
calcium from the exhausted resin bed in lower con-
centrations. The recycled regenerant also contains
relatively less sulfate than the fresh regenerant. The
relatively lower calcium and sulfate concentrations
create a lower level of calcium-sulfate supersatura-
tion in the recycled regenerant effluent compared to



the effluent from fresh regenerant that is not
preceeded by recycled regenerant.

The calculation of the amount of calcium-sulfate

cnpnrcgfnrghnr\' in the regeneranon‘ efﬂuent appagrs

to correlate well with observations of gypsum scaling
based on results at LVS and previous results from the
YDTF [18]. The supersaturation values in table 4
tend to agree with the qualitative observations of
gypsum scaling. Serious gypsum-scale accumulation
in the IX system was largely avoided in the present
pilot plant at temperatures up to about 30 °C when
the average calcium-sulfate supersaturation level in
the regeneration effluent was less than approxi-

mately 40 millimoles per liter, the residence time in
the resin bed wag less than about 4 minutes, and

recycled regenerant was used preceding fresh
regenerant. Gypsum-scale formation was avoided
with higher levels of supersaturation when the
regenerant temperature was below 20 °C, which
was shown to lower the kinetic rate of gypsum for-
mation at the YDTF, and when SHMP was present
to inhibit gypsum formation.
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an equation from experimental work [14] on the rate
of precipitation of gypsum from a supersaturated

calcium-sulfate solution in the presence of gypsum
seed crystals:
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at cium sulfate
= - rate of gypsum-precipitate forma-

tion

k = reaction rate constant,

n = number of gypsum seed crystals per
volume,

N = number of moles per liter of calcium
sulfate that will precipitate before
equilibrium is reached,

E = activation energy for the reaction,

A = universal g gas law constant, and

T = absolute temperature.

Note that N corresponds to the levels of calcium-
sulfate supersaturation (times 10-3) in table 4.

Equation 7 expresses that the level of calcium-
sulfate supersaturation in the regeneration effluent
will largely determine quantitatively not only the
potential amount but the rate of formation of gyp-
sum in the IX system. The initial rate of formation of
gypsum from a supersaturated solution with gypsum
seed crystals present is proportional to the level of
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supersaturation to the 2d power according to equa-
tion 7. Thus, a doubling of the supersaturation levels
in table 4, as between experimental cycles, means
a four-fold i increase in the rate of gypsum format|on
B‘y‘ usmy Uquauurl 7. it seems vuuu::ly feasible that
the regeneration-effluent calcium-sulfate supersatu-
ration levels, which can be predicted from actual or
projected regenerat»on-efﬂuem compositions using
the computer program listed in appendix C, could be
used to predict whether gypsum scale will accumu-
late in an IX system operated with a given regenerant
residence time. Note, however, that the concentra-
tion of initial gypsum crystallites was not measured.
A relatively low n causes an “induction’ period

where crystallites are formed from the supersatu-

rated solution. Thus, the results of such predictions

would need experimental verification.

The success of the packed bed during regeneration
when gypsum is precipitating in the resin bed is a
new concept established in the present work at La
Verkin Springs. All previous work described in the
literature, including even the YDTF experiments,
concluded — or assumed since a packed bed was
not tested in any of these studies — that a fluidized
bed is necessary to expel precipitating gypsum in the
regenerant from the resin bed.

Much of the success of a packed bed in the present
GXﬁGfime‘uS is attributed to the miuch lower resi-
dence time of the regenerant solution in a packed
resin bed, which allows more of the supersaturated
calcium sulfate to be more quickly removed from the
bed before gypsum can precipitate. In the present
pilot plant, where the settled resin bed had a volume
of 115 L and an assumed void-volume fraction of
0.3. the packed resin bed had a void volume of (0.3)
(115) = 34.5 liters. But the bed fluidized by 50 per-
cent had a void voiume of (0.3) (115) + (0.5){(11D)
= 92 liters. The maximum flow rate possible with the
50-percent fluidized bed was about 24 L/min, but
a maximum of 36 L/min was attained with the
packed bed. Thus, the minimum regenerant resi-
dence time was 92 L = 24 L/min = 3.8 minutes for
the fluidized bed, but only 34.5 L -+~ 36 L/min =
0.96 minute for the packed bed. Therefore, assum-
ing plug flow, operation with the packed bed allowed
nearly four times less opportunity for gypsum to pre-
cipitate in the resin bed. The factor difference is
prooaoly greater than four because a greater devia-
tion in plug flow occurs in the fluidized bed. Further-
more, despite its low void volume, the packed bed
showed no more propensity than a fluidized bed to
retain gypsum scale as had been feared by pro-
ponents of the fluidized bed regeneration. An addi-
tional benefit from the use of higher regenerant flow
rates through a packed bed is an increased W, which
lowers the flow capacity of the IX equipment
required and, thus, the capitai cost of a fuil-size iX
plant.



The accumulation of gypsum scale in the midcol-
umn regeneration-effluent collector was trouble-
some during the experiments because it obstructed
the flow, which required considerably extra
maintenance. This problem would need to be solved
prior to the use of reject-brine regeneration in a full-
sized IX plant at LVS. There are two promising
methods of solving the problem, neither has been
tested:

1. A portion of the exhaustion feed water would
be passed into the resin bed through the
regeneration-effluent collector during the rinse
and exhaustion steps. The feed water would
redissolve any small amount of gypsum formed in
the piping during the preceding regeneration. This
rinsing method should be effective because in all
IX testing at the YDTF and at LVS gypsum-scale
accumulation was avoided where the regenerant
effluent and the feed water passed alternately
through the same section of piping. Experimental
verification of this rinsing procedure applied also
to the midcolumn collector of the packed bed is
needed. The second special rinse method tested
{or a variation of it) would also aid somewhat in
preventing scale accumulation in the resin bed.

2. Using a weaker, more dilute recycled regener-
ant prior to the fresh regenerant is effective also.
The recycled regenerant caused a lower level of
calcium-sulfate supersaturation and less gypsum
scaling in the regeneration effluent than did the
fresh regenerant, which was attributed to the
lower sodium concentration of the recycled
regenerant. To meet the previously established
objective of maximizing specific calcium resin
capacity, the regenerant that was recycled during
all the experiments was made to be as high in
sodium concentration as possible by wasting the
initial portion of the regeneration effluent. How-
ever, by collecting the initial regeneration effluent
containing a portion of solution remaining from
exhaustion and the initial regeneration effluent
containing the lowest concentration of sodium, a
weaker recycled regenerant would have been col-
lected. In fact, nearly any strength of recycled
regenerant (naturally, less strong than the fresh
regenerant) would be possible by collecting and
recycling selected fractions of the regeneration
effluent. Thus, the initial level of calcium-sulfate
supersaturation in the regeneration effluent could
be lowered to a level to minimize gypsum-scale
formation during regeneration by adjusting the
strength (sodium content) of recycled regenerant
using this approach. Once such methods were
developed and established by experimentation,
the procedures would be simple to execute rou-
tinely and be effective in a full-sized plant.
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SHMP addition. - The question of whether SHMP
should be used, in the regenerant to avoid all
gypsum-scale formation in the resin bed, is an eco-
nomic one. An economic analysis would involve a
balance between operational costs of SHMP pur-
chase and handling versus amortization of capital
costs and operating costs of extra equipment includ-
ing a regenerant recycling system to handle the pre-
cipitating gypsum. Even if dosages substantially less
than 100 g/m? of SHMP would be effective in
preventing gypsum precipitation, the continual pur-
chase of SHMP or an alternative precipitation inhibi-
tor in a very large plant would be a multimillion-dollar
annual cost — much greater than the cost of
regenerant recycling. The quantitive effects of gyp-
sum scale in the resin bed on the principle process
parameters qc, and W were insignificant, except
when the scaling was extremely severe, which occur-
red only when no recycled regenerant was used at
the higher regenerant concentration. A relatively
minor savings in capital cost would occur if the
regenerant-recycling system was not provided and
SHMP was used instead, which also would increase
W by about b percent and, thus, decrease the total
resin requirement by approximately b percent.
Therefore, the use of SHMP should be — and can
be — avoided with careful intelligent plant design,
which should result in an overall lower water treat-
ment cost. The IX-plant cost estimate was not in the
scope of this present work.

LABORATORY ION-EXCHANGE
EXPERIMENTS

Introduction

Obtaining IX feasibility data by pilot plant experi-
ments in the field, as those described in the previous
section at LVS, is quite expensive. As shown in
table 2, numerous cycles were required to test at a
single condition at the LVS site, largely because a
balance between volumes of fresh regenerant and
exhaustion (equation 1) required a trial and error
approach and because a number of cycles were
required after a control variable change to reach a
new system equilibrium. Less expensive approaches
are to use laboratory IXexperiments and mathemati-
cal modeling of the IX process to predict IX perform-
ance at the actual site.

The major purpose of the laboratory IX experiments
was to obtain IX feasibility data at different operating
conditions on synthetic LVS water solutions, which
would supplement data collected at the LVS site.
The laboratory data was analyzed with regard to
determining to what extent the laboratory experi-
ments using synthetic waters could substitute for the
much more expensive field pilot-plant experiments



just described previously. This section contains the
methodology of the laboratory experiments, the lab-
oratory data, and comparisons of the laboratory
results with the LVS field results.

A second purpose of the laboratory experiments was
to provide data for developing, fitting, and testing
mathematical models capable of predicting
IX-pretreatment process performance as applied to
LVS. The IX madeling and comparisons to IX data are
in the following section entitled ION-EXCHANGE
MODELS.

A requirement established for the I1X laboratory
experiments was that the experimental procedure
would be simple and quick enough so that the IX per-
formance for a set of process variables could be
determined in 1 day by one or two technicians
including the chemical analyses, which limited test-
ing to one IX cycle. Thus, in the laboratory experi-
ments, only one cycle per condition was usually
operated, but the exhaustion and regeneration were
done with sufficiently large volumes of solution to
approach equilibrium between the solution and the
entire bed of cation exchange resin. Unlike the field
experiments, the exhaustion step was operated with-
out regard for terminating exhaustion at some low
calcium-breakthrough concentration, and the
regenerant volume was not limited by equation 1. An
approximate equilibrium condition between feed
solution and resin was assumed when the composi-
tion of the effluent solution was about the same as
the composition of the influent solution.

Another difference between the laboratory experi-
ments and the field experiments was that the
solutions made to simulate LVS water consisted of
the chloride salts of calcium, magnesium, and
sodium (except during the last cycle of the tests
when sulfate salts were also added). By avoiding sul-
fate and not introducing the complications of gyp-
sum precipitation during regeneration, the
laboratory 1X experiments concentrated on studying
equilibrium effects between the resin and different
solution compositions, the mass-transfer rates
between the solutions and resin, and the dynamics
of ion exchange in a fixed resin bed. Laboratory
experiments, however, provided little additional
information on the impacts of gypsum precipita-
tion in the resin bed during regeneration.

Equipment and Procedures

The flow diagram of the laboratory IX equipment is
shown on figure 5. The IX column consists of heat-
resistant glass with Teflon™ and polypropylene end
fittings is about 2 meters high and 25 millimeters
inside diameter and is surrounded by a glass water
jacket. The column contained 500 milliliters of
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DOWEX® HCR-W2, the same cation-exchange resin
tested at LVS. The exhaustion and regeneration
pumps are positive displacement roller tubing pumps
having variable speed controls. Temperatures were
maintained at set levels by a temperature-controlled
water bath. As shown on figure 4, the influent
exhaustion and regeneration solutions passed
through stainless steel coils (made from discarded
gas-chromatographic columns) to approach the tem-
perature of the water bath. Recirculated water from
the bath was pumped through the water jacket to
control the resin bed temperature at close to water-
bath temperature. Flow rates were monitored by
rotameters and regularly confirmed by bucket-and-
stopwatch measurements. Temperature measure-
ments were by glass thermometers. The tanks were
polyvinyl chloride. The exhaustion feed tank had a
208-L capacity and an agitator to mix the solutions.
Each regeneration tank was 57-L capacity.

Data collection for the laboratory IX experiments
was similar to that of the field experiments. Data
sheets are in appendix E.

Depending upon the water compositions being run,
regenerations required about 15 bed volumes
(600 mL each in the present experiments) and the
exhaustions approximately 100 bed volumes before
the influent and effluent compositions were approxi-
mately equal. Deionized water was passed through
the column between each regeneration and exhaus-
tion step to rinse residual solution from the bed prior
to the next step of the cycle. Calcium and total hard-
ness were determined by EDTA (Ethylenediamine-
tetraacetic acid) titration [24]. Magnesium
concentration was calculated as the difference
between the total hardness and calcium concentra-
tions. Sodium was measured by flame emission pho-
tometry. As in the field experiments, the calcium and
magnesium specific resin capacities were calculated
using equation 2 in which the integration was
performed numerically using the trapezoidal method.

Experimental Design

The dependent variables were the effiuent concen-
trations of calcium, magnesium, and sodium versus
effluent volume of exhaustion and regeneration. The
specifiic resin capacity for calcium gc, and the same
for magnesium gy, were determined from the
effluent curves. The independent control variables —
all operated at two levels each — included the
following:

I. Exhaustion feed-water cationic composition:

A. Aerated, lime-softened LVS water ({F-1)

calcium: 22 meqg/L
magnesium: 11 meqg/L
sodium: 100 meq/L



B. Aerated LVS water (F-2)

calcium: 42 meq/L
magnesium: 11 meqg/L
sodium: 100 meq/L

ll. Regenerant cationic composition:

A. LVS desalting reject brine at 80-percent
recovery (R-1)

calcium: 18.56 meq/L
magnesium: 23 meqg/L
sodium: 574 meq/L

B. LVS desalting reject brine at 90-percent
recovery (R-2)

calcium: 20 meq/L
magnesium: 40 meq/L

sodium: 1370 meq/L

lll. Feed and regeneration water temperature:

AL 16 °C
B. 35 °C
Agitator

IV. Exhaustion flow rate:

A. 5 mL/s (0.60 bed volumes per minute)
B. 11 mL/s (1.3 bed volumes per minute)

V. Regeneration flow rate:

A. 1 mL/s (0.12 bed volumes per minute)
B. 3 mL/s (0.36 bed volumes per minute)

The preceding control variables and their levels were
selected for the following reasons:

1. The lime-softened feed water (F-1) approxi-
mated the water fed to the IX pilot plant operated

at LVS. The composition of the aerated water (F-2)

represented what would be expected if lime

treatment were omitted prior to I1X at LVS, which

was not pilot tested at the LVS site. Pretreatment

at LVS would probably be less expensive if lime

treatment were not needed prior to IX, and it is not

apparent why lime treatment would be needed
other than perhaps for silica removal.
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Figure 5. - Flow schematic of laboratory IX equipment.
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2. The two regenerant compositions (R-1 and
R-2) approximated the concentrations in the ED
reject at the two ED desalting recoveries operated
in the LVS field experiments. Thus, they represent
fresh regenerant compositions only.

3. The two water temperatures represented
ambient extremes normaily expected at LVS. It
was desired to find whether temperature would
affect IX performance aside from its effect on
rates of gypsum scale formation during regenera-
tion as observed in the field experiments.

4. Exhaustion flow rate was varied to determine
its effect on IX performance and to aid in model-
ing. Exhaustion flow rates in the laboratory
experiments were considerably higher than the
0.26 bed volume per minute used in the field
experiments. Unfortunately, there was no overlap
in the ranges of exhaustion flow rates between the
laboratory and field tests, which occurred
because of a simple mistake in computing the lab-
oratory flow rates to be used prior to conducting
the laboratory experiments.

5. The effect on IX performance of varying
regeneration flow rate was of interest. The field
IX experiments used fresh regenerant flow rates
of about 0.2 to 0.3 bed volume per minute which
overlaps the range used in the laboratory
experiments.

In developing the experimental design, different
combinations of these control variables were
selected randomly for each regeneration and
independently for each exhaustion. except that
exhaustion temperature was matched to regenera-
tion temperature to avoid changing the temperature
during a cycle so that the cycle could be completed
in a single day. The completed experimental design,
including the measured control-variable levels and
their sequence, is in table 5. This type of design was
used because it is economical {more information per
experiment is possible) and it minimizes certain types
of experimental bias; for example, if an uncontrolled
variable affecting the response variable varied with
the time of the experiment [22]. The experimental
design allowed statistical and regression analysis of
the IX response variables as a function of the five
control variables. An additional run was added to the
end of the design which included sulfates in the
water composition to better simulate real conditions
where calcium-suifate supersaturation and gypsum
scaling would occur.

Results and Discussion

For the exhaustion step of cycle 1.01.086, the effiu-
ent cationic concentrations of calcium, magnesium,
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and sodium versus bed volumes of resin-bed effiuent
solution are shown on figure 6. The behavior of
effluent-concentration curves (fig. 6 as example) can
be described as follows:

1. There are initial small leakages of calcium
(about 0.2 meqg/L) and magnesium (about 0.7
meq/L) at the beginning of exhaustion. This leak-
age occurs largely because the resin was regen-
erated with a mixture containing calcium and
magnesium in addition to sodium, for if the
regenerant contained only sodium cation the
initial calcium and magnesium leakage would be
negligible. Another reason for this leakage is hy-
drodynamics in the resin bed whereby some of the
solution avoids intimate contact with the resin
bed.

2. As exhaustion procedes, wherein the divalent
cations exhaust the resin bed, the sodium concen-
tration in the effluent increases and reaches a

Table 5. — Measured laboratory control-variable levels

Cycle Steps Compositions*, meg/L  Flow T%m p.
number Ca Mg Na mL/s
1.01.01A Exhaustion 21.8 11.8 89.6 115 17.0
1.01.018 Regeneration 31.0 36.0 1420 3.1 14.7

Exhaustion 243 227 1085 11.8 14.9
1.01.02X Regeneration 36.7 26.2 1400 098 34.0
Exhaustion 227 05 93.3 11.1 34.0
1.01.02B Regeneration 23.3 44.7 1340 102 35.0
Exhaustion 420 93 101.3 11.2 34.0
1.01.03 Regeneration 24.0 44.0 1362 097 16.1
Exhaustion 268 7.6 102 5.2 16.0
1.01.04 Regeneration 22.2 23.1 577 3.0 35.3
Exhaustion 23.2 13.0 102 5.1 34.7
1.01.05 Regeneration 22.2 228 584 099 35.0
Exhaustion  40.1 10.7 92.8 5.2 34.9
1.01.06 Regeneration 24.0 36.0 1428 3.0 332
Exhaustion 234 12.2 102 1.0 33.2
1.01.07 Regeneration 22.4 21.7 486 099 16.0
Exhaustion 416 11.6 80 11.0 17.0
1.01.08 Regeneration 18.0 228 643 3.02 15.0
Exhaustion 40.2 11.2 93.5 4.95 145
1.01.08B Regeneration 2.8 2.0 1800 1.03 220
1.02.01 Exhaustion 224 1.2 95 498 34.7
Regeneration 22.4 254 587 297 15.0

* The anion in all of the solutions was chloride except in cycle
1.02.01 when the exhaustion feed water contained 2000 mg/L of
sulfate and the regenerant contained 9000 mg/L of sulfate with the
balance chloride. Because of problems in making the correct regenera-
tion and exhaustion solution concentrations in cycle 1.01.02X, this
cycle was rerun correctly as 1.01.0B. Nevertheless, response data for
cycle 1.01.02X are valid for the concentrations used.



peak corresponding to when the maximum
amounts of divalent ions are being absorbed.

3. The sodium-concentration peak is followed by
the peak effluent concentrations of magnesium
and then of calcium (the most strongly absorbed
cation of the three) as the resin is exhausted of
sodium.

4. The total exhaustion of the resin is essentially
complete for a given feed-solution compaosition
when the effluent composition matches the influ-
ent composition.

In the laboratory IX cycles, the exhaustion step was
terminated when the calcium and magnesium con-
centrations measured in the effluent equaled their
respective concentrations in the feed within the ana-
lytical precision of the titrimetric methods for cal-
cium and total hardness of approximately 1 meq/L.
During cycle 1.01.086, this occurred after 127 bed
volumes of feed solution had passed through the
resin bed as shown on figure 6. Corresponding spe-
cific resin capacities were calculated to be gc,=
1.31 eq/Land Mg = 0.36 eqg/L. Because these spe-
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cific resin capacities were measured for conditions
of approximate equilibrium between solution and
resin, they should be only a function of the ionic equi-
librium relations between the solution and cation-
exchange resin and not the flow rates and
temperatures, which affect the shapes of the break-
through curves.

Operating an 1X column until approximate equilib-
rium between the exhausting solution and IX resin
differs from usual operation as discussed previously.
In more typical IX operation, the exhaustion is termi-
nated usually when a given breakthrough concentra-
tion in the effluent — as determined by product-
water-quality requirements — is reached. Under
these breakthrough restraints the specific resin
capacities are a function of how fast the break-
through occurs, which is a function of the flow rates
and temperatures, for example, in addition to the
equilibrium capacities as discussed in the previous
paragraph. The calcium-breakthrough concentra-
tions allowed before terminating exhaustion in the
field experiments were 6 meq/L when operating the
desalting equipment at 80 percent recovery and 12
meq/L when operating at 92 percent recovery.
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Figure 6. - Cationic effluent concentrations during exhaustion of cycle 1.01.086.
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The effect of terminating the exhaustion prior to
equilibrium can be demonstrated with the laboratory
data. For example, in cycle 1.06.01 — by interpolat-
ing the data in figure 6 — a 6-meq/L of calcium
breakthrough corresponded approximately to the
passage of 41 bed volumes of effluent, gc, = 0.90
eq/L.and gy, = 0.40 eq/L. At a breakthrough con-
centration ofg 12 megqg/L of calcium, interpolation
yielded 53 bed volumes of exhaustion effluent gc,
= 1.07 eq/L and gyyg = 0.41 eq/L. These lower q¢,
and higher gy usmg a calcium breakthrough con-
centration relative to the equilibrium g, are totally
expected. The reason for a lower g, and a higher

{when exhaustion is termmated before equilib-
rium is reached) is that, as shown on figure 6, calcium
breaks through last as it displaces magnesium from
the resin, and thus, the net amounts of caicium
absorbed by the resin is greater and of magnesium
is less as final cationic equilibrium between resin and
exhausting solution is approached.

Typical plots of calcium, magnesium, and sodium
concentration versus resin-bed-effluent volume are
given on figure 7 for the regeneration step of cycle
1.01.06. Upon analyzing the data, it was concluded
that the regeneration effluent concentrations on fig-
ure 7 and for the other laboratory IX cycles were not
measured frequently enough to accurately define

the curves near the beginning of regeneration, where
the calcium and magnesium concentrations quickly
reach their peak and are changing at their greatest
rates. Consequently, the measured area under the
curves do not accurately represent the amounts of
ions eluted during regeneration.

This rapid appearance of the effluent concentration
maxima of calcium and magnesium during regenera-
tion are understood more easily from the estimate
that only 1.7 bed volumes of regenerant solution
contained the necessary equivalents of sodium to
match the total capacity of the resin bed during cycle
1.01.06. Put another way, only 1.4 bed volumes of
regenerant would have been required to remove the
calcium and magnesium from the resin bed, based
on their resin capacities measured in the experi-
ments, if all of the sodium entering in the regenerant
had been exchanged for the calcium and magnesium
removed from the resin during regeneration. Yet, the
second effluent sample was collected after 2.5 bed
volumes of effluent; and in the third sample at 6.8
bed volumes the calcium concentration already was
approaching the influent concentration. With suffi-
cient data it would have been possible to measure
precisely the balance between the amount of each
cation removed by the resin during the exhaustion
with the amount eluted during regeneration, but this
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Figure 7. - Cationic effluent concentrations during regeneration of cycle 1.01.06.
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was not possible with the data shown on figure 7 nor
with the data from the regeneration steps of the
other experimental IX cycles.

Because these mistakes in selecting the
regeneration-effluent-sampling times were not rec-
ognized until the experimentation on nearly all 1X
cycles was completed, it was not possible to redo
any of the cycles within the time and money
constraints. Fortunately, exhaustion-effiuent-
concentration histories — as presented earlier in this
section — are more important in defining |X perform-
ance because they define the resin capacities that
are the regeneration-effluent concentrations.

A summary of resin-capacity data for each
experimental IX cycle is given in table 6. Cycles
1.01.02X and 1.02.01 were added to the original
experimental design. For cycle 1.01.01A, there are
data available only for the exhaustion step. For
1.01.08B, there was not a complete cycle but only
a regeneration in preparation for the succeeding
exhaustion in cycle 1.02.01. The original design
refers to the eight remaining cycles referred to in
tables 6 and 6. Complete sets of experimental data
for each laboratory IX cycle are contained in
appendix F.

Multiple Iinear regression analysis. - The
analysis [25] was performed on the dependent varia-
bles shown in table 6 and the independent variables
in table 5. The “F” test and 95 percent confidence
limits were used to gage statistical significance of
the regressions. The data from all 10 cycles were
analyzed by stepwise regression with the specific
resin capacity gc, at equilibrium as the dependent
variable. A significant fit was found with the inde-
pendent variables C’\, for the regenerant and C/c,
for the exhaustion feed according to:

dca = 0.000 615 (', +0.0131 C;,+0.344 (8)

The regression analysis showed that flow rate and
temperature had no significant effect on gg,. which
would be expected because flow rate and tempera-
ture should affect only the shape of the exhaustion-
effluent concentration curves.

It is not surprising that increasing the sodium
concentration in the regenerant increases gc,. as
indicated by the first term in the right side of equa-
tion 8. It also would be expected that the calcium
concentration of the feed would increase q¢,. as
shown by the second term of the right side, provided
that there was not a simultaneous increase in the
sodium concentration of the feed water. More illumi-
nating and ultimately more useful expressions for
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Gca- @s a function of water composition than equa-
tion 8, are given in the following section on I1X
modeling.

Regression analysis on g¢, (table 6) where an
exhaustion-breakthrough concentration of 6 meq/L
of calcium would be used yielded a significant rela-
tion with g¢, at equilibrium only, a rather interesting
finding since it was expected that exhaustion-flow
rate would be important. The effect of flow rate is
discussed further in the section on modeling.

Using the data in table 6, the ratio of g, at a 6- or
12-meq/L of calcium breakthrough concentration to
the equilibrium g, reflects the fraction of the total

Table 6. — Specific resin capacities from
laboratory experiments

Specific

Exhaustion Exhaustion
Cycle breakthrough throughput resin capacities,
number criteria bed volumes* eq/L.
Calcium Magnesium
1.01.01A 6 meg/L calcium 56 1.14 0.37
12 meq/L calcium 69 1.31 0.35
Equilibrium 262 1.38 0.14
1.01.01B 6 meqg/L calcium 37 0.83 0.70
12 meqg/L calcium 49 1.01 0.83
Equifibrium 116 1.26 1.56
1.01.02X 6 meq/L calcium 54 1.14 —-0.21
: 12 meqg/L calcium 62 1.26 —0.32
Equilibrium 92 1.43 -0.71
1.01.02B 6 meg/L calcium 29 1.18 0.22
12 meq/L calcium 32 1.29 0.23
Equilibirum 67 1.62 0.16
1.01.03 6 meq/L calcium 42 1.00 0.25
12 meq/L calcium 54 1.20 0.26
Equilibrium 100 1.51 0.05
1.01.04 6 meg/L calcium 37 0.78 0.33
12 meq/L calcium 44 0.87 0.31
Equilibrium 86 0.99 0.29
1.01.05 6 meqg/L calcium 20 0.71 0.16
12 meq/L calcium 25 0.87 0.20
Equilibrium 79 1.14 0.10
1.01.06 6 meg/L calcium 41 0.90 0.40
12 meqg/L calcium 53 1.07 0.41
Equilibrium 127 1.31 0.36
1.01.07 6 meq/L calcium 15 0.56 0.12
12 meq/L calcium 19 0.70 0.14
Equilibrium a2 1.04 0.23
1.01.08 6 meq/L calcium 23 0.84 0.21
12 meq/L calcium 26 0.96 0.22
Equilibrium 76 1.29 0.18
1.02.01 6 meq/L calcium 63 1.38 0.52
12 meg/L calcium 71 1.47 0.47
Equilibrium 103 1.56 0.41

* Resin bed volume was 0.5L.



calcium resin capacity that was realized under a set
of operating conditions. Using a 6-meqg/L calcium-
breakthrough concentration, this ratio had a mean of
0.667 with a standard deviation of 0.073 for the
eight cycles of the basic design. With a 12-meq/L
calcium-breakthrough concentration, the ratio had a
mean of 0.784 and a standard deviation of 0.060.
These two values of the ratio and the relatively small
standard deviation agree with a rule of thumb that
70 percent of the total resin capacity is often real-
ized in a practical ion-exchange process.

Comparisons between laboratory and LVS-field IX
data. — Comparisons support the value of the labora-
tory experiments in obtaining resin capacities in lieu
of field experiments. The most relevent comparisons
are for specific resin capacities gg, in tables 3 and
6. With reject-brine regenerant at 80 percent desalt-
ing recovery, the calcium specific resin capacity
reached a maximum of 0.86 eq/L (cycle L.04.11

table 3) using the most favorable recommended op-
erating procedures. For the only cycle with compara-
ble feed water and regenerant compositions in the
laboratory experiments, cycle 1.01.04 g, was 0.87

(table 6) having a breakthrough concentration of 12

meq/L of calcium comparable to that used in cycle
L.04.11 at LVS. With reject-brine regenerant from
92 percent recovery desalting, the resin capacity
averaged 1.03 eq/L at LVS for the last 11 cycles
listed in table 3. Comparable laboratory IX cycles
(listed in table 6) having similar water compositions
include cycles 1.01.01B, 1.01.03, and 1.01.06

which had gg,'s of 0.83, 1.00, and 0.90 eq/L.
respectively, for a breakthrough concentration of 6

meq/L of calcium — the same as that used at the
higher desalting recovery at LVS. Note that cycle
1.01.03, which had the closest g, of the three
cycles to the average field g¢,. also was the only
cycle of the three which used the lower level
exhaustion flow rate which was closer to the
exhaustion flow rate used in the field. Thus, the labo-
ratory experiments successfully obtained specific
resin capacities for calcium at comparable calcium-
breakthrough concentrations in the effluent that
agree with those obtained at the LVS site. The agree-
ment is particularly interesting because no gypsum
formed during regeneration with sulfate-free solu-
tions in the laboratory experiments but considerable
gypsum formed during the regenerations at the LVS
site.

Lime treatment prior to IX. - The lime treatment prior
to 1X is not needed at LVS for pretreatment removal
of calcium according to the laboratory IX results. It
is interesting to note that when aerated, raw LVS
water was simulated as the 1X feed water (table 6)
the values of g¢, were comparable to the values
when aerated, lime-treated feed water was
simulated.
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The amount of cation-exchange resin required in an
IX plant to pretreat the LVS flow of 19.6 m3/min was
estimated for aerated, lime-treated LVS water and
for aerated only (carbon-dioxide gas removed) LVS
water. Equations 3 and 4 were used with IX-step
durations from cycle L.22.15 of the LVS field experi-
ments. A specific calcium resin capacity of 1.0 eq/L
was‘assumed in arriving at the following calculated
results:

Lime No lime
treatment treatment
Feed-water calcium
concentration, meq/L 22 42
Effluent calcium
concentration, meq/L 6 6
Calcium concentration
removed, meq/L 16 36
Exhausion duration, min 178 79
Fresh regeneration
duration, min 14 6
Cycle duration, min 250 143
Volume of resin
required, m3 78 101

Thus, about 29 percent more cation-exchange resin
would be required at LVS if lime-treatment were
omitted prior to IX which would no doubt be less
expensive than the additional lime-treatment system.

Besides partial softening, lime treatment and filtra-
tion also provide clarification of suspended material
and removal of silica if high lime dosages are added
to raise the pH above 10. Suspended material was
not present in the LVS well water.

Because silica was at a concentration of about 30
mg/L in the aerated well water [2] and it can precip-
itate at concentrations above 115 mg/L if in amor-
phous form [26], a silica-concentration factor of less
than 3.8 would be safe corresponding to a desalting
recovery of about 74 percent if silica were fully
rejected by the desalting process. Because silica is
not effectively concentrated by electrodialysis at
neutral pH [7], the recovery of an electrodialysis at
LVS would not be limited by a silica concentration
in the feed water of 30 mg/L; if the IX pretreatment
is for reverse osmosis of cooling tower use, the con-
centration factor of the dissolved solids without any
potential for silica scaling is only about four. How-
ever, this concentration factor could be higher than
four depending upon the species of silica [26] and
their proportions present in the LVS water; therefore,
only future experimental work can determine the
precise concentration limit at the onset of silica scal-
ing at LVS and whether silica removal is absolutely
necessary.



ION-EXCHANGE MODELS

Introduction

Models to predict cation-exchange resin capacity
and the resin-bed breakthrough profile of calcium
during exhaustion were studied in the present work.
Numerous models of the ion-exchange process have
been developed by others [27, 28, 29, 30]. There
is no single model capable of generally describing all
IX processes in terms of equilibrium and kinetics. For
each ionic solution-resin system, it is necessary to
select a correct model from among the different
models possible based upon which of the assump-
tions incorporated in the models are valid in the par-
ticular situation. Two types of models include those
which predict ionic equilibrium between the X resin
and solution and those which describe the rate of
achieving exhaustion or regeneration of the resin
under a set of operating conditions.

1. An equilibrium model was used to predict the
net amount of calcium, magnesium, and sodium
that can be exchanged at equilibrium between
DOWEX® HCR cation-exchange resin and ionic
solutions of different LVS exhaustion and regen-
eration compositions.

2. The equilibrium model was also extended to
predict the leakage concentrations of calcium and
magnesium at the beginning of the exhaustion
step of an IX cycle.

3. A model which takes into account the mass-
transfer resistance of the stagnant liquid film
between the bulk solution and the resin-bead sur-
face was fit to laboratory IX data to try to predict
the shape of the exhaustion calcium-breakthrough
curve.

Comparisons between results of the three models
and data from the LVS field and laboratory experi-
ments (described in the previous two sections) are
given in separate results sections, which follow each
of the descriptions of the three models.

Also, it would be desirable to have a model for the
regeneration step. Future study is recommended to
develop a model to describe regeneration when the
regenerant brine is a mixture and the regenerant vol-
ume is limited. Suggestions on developing a regener-
ation model are included at the end of this section.

Cation-Exchange Equilibrium

Equilibrium between ions in an agueous solution and
ions absorbed in an ion-exchange resin can be
expressed by a form of the /law of mass action. In the
following equations, it is assumed that activity coeffi-
cients of the ions in the solution and resin are equal
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to 1.0. Estimates of the activity coefficients in the
solution are possible from data in the literature. But
activity coefficients in the resin phase cannot be
measured directly, and limited data are available in
the literature. In all the equations in this section, it
is assumed that potassium behaves similar to and is
combined with sodium in the calculations whereby
the equivalents per liter of sodium include the equiv-
alents per liter of sodium plus potassium.

For the ternary ionic system calcium-magnesium-
sodium the catonic equilibrium between resin and
solution can be expressed according to the /aw of
mass action[27, 31] for mono-divalent exchange by
the following three equations:

YCa XNa 2 _ KCa/Na Q (9)
XCa yNa Co
YMg XNa : _ KMg/Na Q
Ko \ e/ C (10)
Mg Na o
Yea + YMg+ e =1 (1nm
where:
Yca = equivalent fraction of resin in the
calcium form,
YMg = equivalent fraction of resin in the
magnesium form,
Yna = equivalent fraction of resin in the
sodium form,
Xca = equivalent fraction of calcium in the
solution,
XMg = equivalent fraction of magnesium in
the solution,
XNa = equivalent fraction of sodium in the
solution,
Kca/mg = selectivity coefficient of calcium rel-
ative to sodium,
Kmg/na = selectivity coefficient of magnesium
relative to sodium,

Q = total cation-exchange capacity of
the resin in equivalents per liter of
resin and,

C, = total normality of the solution.

A mass-action equation for the cation exchange of
calcium and magnesium can be written also but is
not independent of equations 9, 10, and 11:

YCa XMg

(12)
XCa YMg

= KCa/Mg

Equation 12 can be derived by dividing equation 9
by equation 10 where the selectivity coefficient for
calcium relative to magnesium is given by:

Kca/Na

Kcamg = (13)

KMg/Na



Note that C,and Qdo not affect the calcium-
magnesium-resin equilibrium according to equation
12, which occurs, according to the law of mass
action and confirmed by experimental data, because
the ions of calcium and magnesium have the same
valence.

To solve equations 9, 10, and 11 simultaneously, a
combination of the three equations yields:

1 + 2A4)2-1
A

Yiea = (14)

where:
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A= C, (XNa)z(KCa/Na Xea + KCa/Mg XMg) (15)

Calculation of the ionic form of the resin proceeds
in the following sequence:

1. Xca Xmg- @nd Xy, are calculated from the
solution cationic composition.

2. Yjq is calculated from equations 14 and 15.

3. Ycgis calculated using equation 9,
rearranged.

4. Yy is calculated from equation 11.

The concentration in the resin (same as the specific
“resin capacity) of each cation / is calculated from:

g =Y Q (16)
The net equilibrium resin capacity of a cycle — that
is, regenerating the resin to equilibrium with one
solution composition and exhausting to equilibrium
with another solution — is calculated by taking the
difference between the g;’s of the regeneration and
exhaustion calculated using equation 16. In the
present work the properties used for DOWEX®
HCR-W2 were:

Q = 2.0 eq/L (see manufacturer’s data in app. A),

/Q: /Na = 3.0, and
KMag/Naa = 1.2 (see reference [31))

These K values from the literature were from experi-
ments with DOWEX® 50-X8, which according to the
manufacturer has the same chemical composition
and is otherwise essentially the same as the newer
model designation HCR-W2. Experiments to evalu-
ate the accuracy of the law of mass action for the
calcium-magnesium-sodium-DOWEX® HCR-W2
system and the experimental values for the equilib-
rium constants for this system are being completed
at the E&R laboratory in an additional phase of the
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present study. Results of this additional work will be
in a separate report.

Note that equations 9 and 10 predict strong prefer-
ence for divalent calcium and magnesium absorption
over monovalent sodium at low solution concentra-
tions C,: but at high solution concentrations, sodium
is preferred by the resin over the divalent cations. It
is this fact that makes water softening by cation
exchange so successful, even when a reject brine
containing a mixture of cations, including some of
the same divalent cations to be eluted from the
cation-exchange resin, is used to regenerate the
resin.

Results — Specific resin capacities predicted by the
equilibrium model for each of the laboratory cycles
is in the fourth column of table 7. Complete com-
puter printouts from the calculations are in appendix
G. These predicted resin capacities were calculated
from the equations and the HCR resin data earlier in
this section plus the water compositions in table 5.
For easy comparison, the third column of tabte 7

Table 7. — Comparison among measured and predicted
equilibrium resin capacities for the [aboratory experiments

Specific resin capacities, eq/L

Experi- Equi- Experi- Experi-
Cycle Cat- mental librium mental mental
number ion trapezoidal model liquid-film half-height
integration predict. model integration

1.01.01A Ca 1.38 1.36 1.44
Mg 0.14

1.01.01B Ca 1.26 0.99 1.12 1.23
Mg 1.66 0.36

1.01.02X Ca 1.43 1.37 1.34 1.41
Mg -0.71 —0.04

1.01.028 Ca 1.62 1.39 1.56 1.76
Mg 0.16 0.04

1.01.03 Ca 1.51 1.29 1.45 1.65
Mg 0.05 0.07

1.01.04 Ca 0.99 0.87 0.96 1.03
Mg 0.29 0.12

1.01.05 Ca 1.14 111 1.06 1.15%
Mg 0.10 —0.002

1.01.06 Ca 1.31 1.18 1.10 1.16
Mg 0.36 0.20

1.01.07 Ca 1.04 1.05 0.96 1.06
Mg 0.23 -0.02

1.01.08 Ca 1.29 1.19 1.15 1.27
Mg 0.18 0.01

1.02.01 Ca 1.66 1.31 1.46 1.50
Mg 0.41 0.26




repeats the experimental equilibrium resin capacities
given in table 6. The last two columns of table 7 are
discussed after the liquid-film model later in this
section.

Comparing the 11 pairs of corresponding specific
resin capacities (from columns three and four in
table 7) indicated that the average percent differ-
ence between the equilibrium-model predictions and
the experimental data for the calcium specific resin
capacity was 10 percent (relative to the experimen-
tal value) with a standard deviation of 7 percent. For
magnesium, the mean percent difference between
experimental and predicted specific resin capacities
was minus 77 percent having a standard deviation
of 24 percent. Thus, the equilibrium mode! did a
better job of predicting the calcium resin capacity,
which is of greater practical interest, than the magne-
sium resin capacity.

The resin capacities calculated using the equilibrium
model are not entirely comparable to the calcium
resin capacities measured at the LVS site (which are
listed in table 3) because the exhaustion of the
cation-exchange resin in the field experiments was
always terminated at a calcium-breakthrough con-
centration disallowing complete equilibrium
between feed solution and resin. With 80 percent
recovery desalting reject as the regenerant, compari-
sons between specific resin capacities predicted
using the equilibrium mode! and values obtained
experimentally — listed in table 3, for calcium and in
appendix B, for magnesium — are as follows:

Specific resin capacities, eq/L

Cation Model Experimental
Mean S.D. Mean S.D.
Caicium 0.92 0.02 0.72 0.12
Magnesium 0.09 0.02 0.20 0.02

With 92 percent desalting reject regenerant the comparable values are:

Model Experimental
Cation Mean S.D. Mean S.D.
Calcium 1.18 0.04 1.03 0.05
Magnesium 0.13 0.08 0.28 0.06

S.D. is an abbreviation for standard deviation.

With 92 percent desalting reject regenerant the
comparable values are:

It would be expected that the calcium resin capac-
ities in the field experiments would be lower than
predicted at equilibrium. Conversely, it would be
expected that the predicted magnesium capacities
would be greater than experimental values because
calcium in solution exchanges with magnesium in the
resin during the final approach to equilibrium
between resin and solution. Thus, the above data
show that the model and experimental values vary
from one another as expected.
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In summary, the equilibrium model, based on the /aw
of mass action and assuming activity coefficients of
1.0. predicted resin capacities for calcium and mag-
nesium that were lower than experimental results for
LVS water compositions done in the laboratory and
field. Further work is needed to improve the accu-
racy of the equilibrium model including different res-
ins and especially a range of water compositions.
Experimental work in the Bureau’s E&R laboratory is
accomplishing this.

Initial Resin-Bed Leakage

The initial leakage concentrations from a cation
exchange bed have been estimated using the equilib-
rium model for the case of countercurrent
regeneration-exhaustion. At the beginning of a
downflow exhaustion following an upflow regenera-
tion, the bottom of the resin bed will be in ionic equi-
librium with the regeneration solution — even if the
regeneration is not to complete equilibrium
throughout the bed. If the regeneration solution
consists only of sodium cations the initial leakage will
consist essentially of sodium cations only — assum-
ing that hydrodynamic effects are a relatively small
contribution to leakage. In the present case of regen-
eration with a brine containing a mixture of cations,
the regenerated resin will contain a proportion of
that mixture. Thus, the initial composition of the
exhaustion effluent sofution will also contain a
mixture of the cations in proportions determined by
the composition of the regenerant, the total normal-
ity of the exhausting solution, and the cationic equi-
librium between solution and resin. Moreover,
following an effective rinse in which the residual
regeneration solution is flushed from the bed, the
initial leakage concentration of the exhaustion efflu-
ent solution will have the same C, as the exhaustion
influent but an ionic composition which is in equilib-
rium with the resin in the bottom of the regenerated
bed.

These relations are demonstrated in the following
equations. By solving equations 9 and 10 simultane-
ously in terms of Xy, the result is:

(1 + 28721

5 (17)

XNa =
where:

[}
= oy (Yo’ KcaNa + Mg/ Kmg/ne) (18)

Also,
Xca + XMg+ XNa =1

and for each cation (/ = Ca. Mg, Or Na )

(19)

Ci= X C, (20)



The caiculation of the initial con
exhaustion effluent procede in t

centrations in the
he following order:

1. Y;’s for the resin in equilibrium with the
regenerant solution are calculated as given above
using equations 9 through 15 and the steps
outlined in the previous section.

2. Xyg is calculated from equations 17 and 18.
3. Xcg is calculated from equation 9 rearranged.
4. Xug is calculated from equation 19.

5. The initial leakage concentrations, Ceo. Gug.
and G, are calculated from equation 20.

It is interesting to note that when the bottom of the
resin bed has been brought to equilibrium with a
regeneration solution, which determines the values
of the Y;'s of the resin in the bottom of the bed, the
initial composition of the effluent of the exhaustion
step is calculated only from the total normality C,
of the exhausting solution, and is not a function of
the relative amounts of different cations in the
exhausting feed water.

Results. — Initial exhaustion composition was pre-
dicted using the preceding equations and compared
to experimental values from the laboratory and LVS
field experiments. Table 8 compares the laboratory
experiments. A complete set of computer printouts
of the equilibrium model calculations are in appendix
G. The compositions used in the equilibrium model
calculations are the ones listed in table b. For cal-
cium, the initial exhaustion leakage concentrations
predicted by the model were 30 percent lower than
the experimental result (a mean of the 10 cycles
listed in table 8) and a standard deviation of 25 per-
cent. For magnesium, the predicted leakage concen-
tration averaged 49 percent lower than experimental

Table 8. — Measured and predicted compositions of
initial leakage from exhaustion of ion exchanger
during laboratory experiments

Cycle Initial exhaustion-leakage concentrations, meg/L
number Experimental Equilibrium model
Ca Mg Na Ca Mg Na
1.01.01B 0.78 1.57 137 0.37 0.43 154
1.01.02X 0.30 2,56 126 0.25 0.18 116
1.01.028 0.40 0.70 151 0.30 0.57 162
1.01.03 0.40 0.80 131 0.24 0.44 136
1.01.04 1.20 1.50 127 1.23 1.28 136
1.01.50 1.50 1.70 144 1.29 1.32 141
1.01.06 0.20 0.70 139 0.22 0.33 137
1.01.07 3.98 5.92 115 1.60 1.55 130
1.01.08 1.80 1.33 138 0.89 1.13 143
1.02,01 0.02 0.05 130 0.01 0.01 129
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values having a standard deviation of 30 percent.
The relatively large standard deviations indicate con-
siderable scatter in the goodness of fits of the model
or variation in the experimental data.

Table 9 shows similar comparisons of initial leakage

compositions for the field experiments. For 16 of the
18 cycles listed in table 9 (cycles L.18.13 and
L.19.27 omitted for the reason given in table 9
footnote), the calcium-leakage concentration pre-
dicted by the equilibrium model for each cycle aver-
aged 76 percent less than the corresponding
experimental value with a standard deviation of 11
percent. For magnesium the predicted leakage con-
centration averaged 53 percent less than the
measured values from LVS with a standard deviation
of 17 percent.

The reasons possible why the equilibrium model
underpredicted the initial concentrations of calcium
and magnesium during exhaustion are that:

1. The equilibrium model does not account for
nonunit activity coefficients in the cationic equilib-
rium between resin and solution.

2. The higher than predicted initial leakage dur-
ing exhaustion is due to the hydrodynamics of
flow through the resin bed whereby a certain pro-
portion of the feed water avoids intimate contact
with the resin.

Table 9. — Measured and predicted compositions of initial
leakage from exhaustion of ion exchanger during ion-
exchange experiments at the La Verkin Springs site

Cycle Initial exhaustion leakage concentrations, meq/L

number Experimental Equilibrium model
Ca Mg Na Ca Mg Na
L.01.97 3.24 2.01 134 1.08 1.18 137
L.02.12 2.50 2.01 134 1.01 1.25 140
L.03.35 2.74 2.01 137 0.96 1.17 138
L.04.11 2.50 2.26 139 0.85 1.26 132
L.05.54 4.74 3.01 134 0.26 0.31 141
L.10.14 1.25 1.51 143 0.15 0.42 140
L.12.22 1.20 0.82 190 0.11 0.31 137
L.17.17 0.80 1.56 140 0.15 0.53 135
L.18.13 0.40 0.48 160 *0.45 *1.49 132
L.19.27 0.36 0.60 160 *0.38 *0.66 135
L.20.09 0.56 0.95 164 0.11 0.58 130
L.22.15 0.48 0.72 160 0.15 0.45 136
L.23.19 0.70 0.76 160 0.26 0.47 137
L.24.11 0.64 0.80 166 0.19 0.41 134
1.25.22 1.80 1.81 150 0.38 1.04 135
L.26.14 1.40 1.56 160 0.21 0.46 134

* High predicted values of calcium and magnesium leakage for
cycles L.18.13 and L.19.27, as compared to similar cycles, is attrib-
uted to errors in the chemical analyses of the fresh regenerant. The
reported concentrations of calcium and magnesium in the fresh
regenerant of the two cycles was up to 4 times higher than the value
that would be expected.



3. The experimental estimates of calcium and
magnesium concentration in the exhaustion
effluent, done by atomic absorption spectrometry
in two different chemistry laboratories, are
systematically higher than actual. Atomic absorp-
tion spectrometry are subject to such systematic
errors when the solutions analyzed contain inter-
fering ions. Calcium analyses of the exhaustion
effluent done by operators during each cycle to
detect the resin breakthrough to terminate
exhaustion yielded values that were about half of
the experimental values listed in table 9. Labora-
tory data for calcium in table 8 also were done by
the titration method.

The effect of the second factor is apparent in com-
paring the leakage concentrations of the field
experiments (table 9) with results measured in the
laboratory (table 8), even if a correction for the ana-
lytical method {factor 3 above) is included. The initial
calcium concentrations from the field experiments
were several times greater than the laboratory
measurements. lon-exchange equilibria differences
(reason 1 above) is not a likely reason for the differ-
ences in leakages measured in the laboratory and in
the field because the water compositions and resin
tested in sach location were similar. Rather, it is
thought that the narrower column (25 millimeters in
diameter) and flow distributors used in the laboratory
provided more uniform axial flow distribution across
the cross section of the resin bed than did the larger
pilot plant column {340 millimeters in diameter) and
flow distributors used in the field. There were also
larger differences in temperature between feed
water and regenerants at LVS that apparently con-
tributed to a moderate amount of instability of flow
and turbulence in the resin bed — visible through the
transparent column — when solutions of different
density flowing through the resin bed were changing
between IX steps.

Hydrodynamic aspects of IX columns are divided
generally into effects caused by eddy dispersion and
from flow maldistribution [28, 29]. Eddy dispersion
is a longitudinal spread of the solutes (ions), which
occurs because the fluid follows a meandering path,
changing direction as it flows through the packed
resin bed. Eddy dispersion becomes insignificant
with the decrease in size of the column packing. Flow
maldistribution can be caused by nonuniformities in
the column-packing density. The flow will naturally
take the path of least resistance, which corresponds
to the least dense packing. which generally occurs
near the outside wall of the column. Shrinkage of the
resin during absorption of ions accentuates the prob-
lem. The DOWEX® HCR cation-exchange resin
swells in going from the sodium to magnesium form;
then it shrinks in going from the magnesium to cal-
cium form {28]. Fingering of flow also can be caused
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by differences in fluid density during the transition
between different solutions fed to the resin bed.

It is apparent that some improvement of the equilib-
rium model is necessary, particularly in moderate to
large diameter resin beds, for the model to be accu-
rate in predicting the initial composition of the
exhaustion effluent. Further work is required to iden-
tify how this correction should be done. Neverthe-
less, the model given here does give a qualitative
indication of the initial leakage to be expected.

Liquid-Film Mass-Transfer Control During
Exhaustion

While the equilibrium relations in the previous two
sections are useful in predicting the maximum capac-
ity of an IX resin and the initial leakage in a particular
application, such equilibria alone do not account for
transitions between equilibrium states. Full equilib-
rium between resin and solutions are seldom, if ever,
achieved in practical IX processes. In the transition
between a fully regenerated resin bed and a fully
exhausted resin bed, equilibrium relations for the
case where the exhausting ion is preferentially
absorbed from solution would predict a step change
in the composition of the effluent solution between
the initial leakage composition (estimated in the pre-
vious section) and the compaosition of the exhaustion
feed water. In reality the transition is not abrupt as
shown on figure b and data in appendixes B and F.
Mass-transfer rate limitations cause the transitions
between equilibrium states, which are seldom actu-
ally achieved, to be gradual.

Numerous models having analytic solutions have
been developed to account for mass-transfer limita-
tions for the movement of ions between the solution
and IX resin [27 to 30]. Each of the analytical models
are based on a set of assumptions to make the math-
ematics solvable. The validity and applicability of any
particular model depend obviously upon how well
the model represents the subject ion-exchange sys-
tem. The modeling that follows applies to ion
exchange in a fixed bed as opposed to mass transfer
to a single bead.

A two-component system is considered here first
because it is simpler than a polycomponent system.
A model describing the transport of three or four
cations could be much more accurate in the present
case of calcium, magnesium, sodium, and potassium
exchange than the two-component model. But such
polycomponent models result in a set of simul-
taneous differential equations which cannot be
solved analytically but require finite-difference,
numerical solutions using a computer [29]. The
development of such a model is beyond the scope
of the present phase of study but is recommended



for the future. Nevertheless, for the purposes of
description and understanding, the simpler result
and transport mechanisms of a two-component
system are more easily discussed and explained.

Divalent-monovalent exchange (either calcium or
magnesium being exchanged for sodium) can be
approximated at relatively low solution normalities,
such as in the exhaustion, as irreversible cation-
exchange absorption of the divalent cation into the
resin. This strongly favorable absorption of magne-
sium and calcium in a resin bed originally in the
sodium form is demonstrated by the equilibria of
equations 9 and 10 where KQ/C, > > 1. Under
such equilibrium conditions during exhaustion the
shape of the divalent-ion-concentration profile pass-
ing through the bed, once developed at the entrance
of the bed, is relatively stable and invariant in shape
with variations in time and distance along the axis of
flow through the resin bed. This type of profile is
termed “self-sharpening,” because effects such as
axial dispersion which would otherwise broaden the
exchange front tend to be canceled out.

In contrast, regeneration of the resin will be an unfa-
vorable equilibrium when KQ/C, < 1. Under such
conditions the shape of the concentration profile will
broaden with axial distance through the resin bed.
While the resin bed can be regenerated successfully
when the equilibrium is unfavorable, the volume of
regenerant solution required is greater than if the
regeneration were controlled by a favorable equilib-
rium. Thus, the same model that applies to exhaus-
tion generally does not apply to regeneration, which
is true of the present calcium-magnesium-sodium-
DOWEX® HCR system. An equilibrium, mass-baince
model can account for much of the broadening of
the regeneration concentration profiles within and
leaving the resin bed [29].

For a given set of solution and resin ionic composi-
tions and hydrodynamic flow conditions, the local
ion mass-transfer rates are controlled by the ionic
equilibrium between solution and resin, which deter-
mines the mass-transfer driving forces, the mass-
transfer resistance of the ion-exchange material
itself, and the resistance of the “liquid film” of solu-
tion in the immediate vicinity of the resin beads. Axial
dispersion is often negligible relative to the preced-
ing mass-transfer resistances. In the present case of
a strong acid cation-exchange resin being exhausted
by a relatively dilute solution, the liquid-film mass-
transport resistance dominates, at least during the
beginning portion of exhaustion, which is of greatest
interest because it includes the practical range of
operation of an ion exchanger up through break-
through concentration when the exhaustion step is
terminated. As exhaustion procedes further and
equilibrium between resin and exhaustion-effluent
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solution is approached, the mass transport within the
resin beads begin to dominate the overall ionic mass
transport between solution and resin.’

There is a relatively simple mathematical model for
irreversible exchange in a fixed bed of a strongly
favored species for an absorbed species [29, 30,
32, and 33]. The model is for two ionic components
only, but it should approximate the present system
where either calcium or magnesium is exchanged for
sodium during exhaustion. It would not apply to the
calcium-magnesium exchange because calcium is
preferred only moderately by the resin over magne-
sium (see equation 12).

To develop the liquid-film model it was assumed that:

1. The resin initially contains only the monova-
lent cation as does the portion of resin before the
exchange front arrives,

2. The solution contains only the divalent cation
as does the resin behind the exchange zone,

3. Liquid-film resistance controls the mass
transport, and

4. The equilibrium for absorption of the divalent
ion is strongly favorable relative to the monovalent
ion such that the liquid-film divalent-ion concen-
tration at the resin surface is essentially zero.

The differential equation for the exchange zone is:

(21)

The solution of equation 21 for the composition of
the effluent of the exchange zone leaving the resin
bed. subject to a mass balance between the solution
and resin [32, 33] yields:

V..

resi,
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effluent concentration of the
divalent ion in meg/L.

influent concentration of the
divalent ion in meq/L,

liquid-film mass transport coefficient
in min—1,

total resin capacity in eq/L of resin,

exhaustion flow rate in L/min,

volume of solution passed through
the resin in L, and

= volume of resin in the bed in L.



Note that in the nomenclature above that &, includes
a factor for the film surface area per volume of resin
bed. Because electroneutrality of ionic charges
requires that the net equivalents of cations moving
in a direction be balanced by an equal number mov-
ing in the opposite direction, the k, is an average of
the individual sodium and calcium transport coeffi-
cients. As used here, V includes a correction for the
void volume of the bed. For example, if the void
volume fraction of the resin bed is 0.3, the resin-bed
volume times 0.3 is subtracted from each value of
the accumulated exhaustion-effluent volume Vto
account for rinse water in the voids of the bed at the
start of exhaustion.

It is interesting that the equilibrium constant K¢y /Ng
or Kmg/na in equation 9 or 10 does not appear in
equatlon 22. This is because it was assumed in
deriving equation 22 that the divalent ion is very
strongly absorbed preferentially by the resin, which
is equivalent to stating that Kgg/Ng OF Kpg/ng IS VEry
large.

According to equation 22 (a semilog plot of C/C,)
the fraction of the divalent-ion concentration of the
influent that breaks through the column in the efflu-
ent, versus V, the accumulated volume of solution
passed through the column during exhaustion will
yield a straight line with a slope of k,C,/aG,and an
intercept of Hk; Viggin /G = 1. Because G Viesin:
and C,are controlled and measureable in an experi-
ment, k, and & can be calculated from measure-
ments of the slope and intercept. Thus, if equations
21 and 22 represent an accurate model, a
laboratory-scale column can be operated to obtain
data for the exhaustion of a sample of resin, and the
k, obtained from the data can be used to predict the
exhaustion breakthrough curve (equation 22 rear-
ranged in terms of C as a function of V)and the resin-
volume requirement for a full-size plant. Furthermore,
by collecting data at different experimental condi-
tions it should be possible to obtain relations for &,
as a function of different control conditions (for
example flow rate) to predict IX performance for a
range of operating conditions.

The above two-ionic-component liquid-film model
obtained from the literature was expanded to be
more relevent to the present work. Specifically, the
laboratory experiments included resin and solution
compositions which were mixtures, not completely
consistent with the assumptions used in deriving
equation 22.

1. The cation-exchange resin was not totally in
the monovalent form at the beginning of exhaus-
tion (the previous assumption 1) but contained a
particular proportion of the divalent and monova-
lent cations uniformly throughout each resin bead,
and
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2. The exhausting solution contained not just the
divalent cation (the previous assumption 2) but
was a mixture of the monovalent and divalent
cations.

The initial and final compositions during exhaustion
of the resin are described by the following nomencla-
ture for a two- -component, monovalent-divalent
system. The resin begins exhaustion with g; equi-
valents per liter of the divalent ion. The initial concen-
tration of the monovalent ion in the resin is a- g;.
The initial concentration of the divalent ion in the
exhaustion effluent is C,, which is the solution con-
centration in equilibrium with the initial resin concen-
tration of g;. The initial sodium-leakage concen-
tration in equilibrium with the resin is C,- C,. When
exhaustion is complete, the resin will have reached
an equilibrium divalent-ion concentration of g, (a
monovalent-ion concentration of a- g,) with the
exhaustion-feed solution having a concentration of
C; of the divalent ion (C,~ C; of the monovalent
ion).

From the differential equation analagous to equa-

tion 21, a solution was derived analagous to
equation 22;

c-C,
c,-¢C

e

4iG-C)
Ge (ql._

In

(23)
Ge)

Values for k;, and g; — gg can be obtained from a

semilogarithmic plot of (C Cg) /(C;= C,) versus V.
The slope will be:

ki (Ci- C)

Ge (q/'_ qe)
and the intercept will be:

_ kL Vrss/'n -1
Ge

Note that the difference between g; and g, is

obtained from the slope and intercept but that addi-
tional experimental data are needed to calculate indi-
vidually the initial and final resin compositions. An
additional possibility if the experimental data are
unavailable is that the values of g, and g, can be
estimated from solution composmons using the equi-
librium model presented earlier in this section.

Besides the liquid-film model, other IX models, for
example, a particle-diffusion model, also give an “S”
shaped curve for effluent concentration versus vol-
ume. In fact, it would be expected that a particle-
diffusion model would be more accurate than a



liquid-film model as exhaustion nears completion
because the resin is nearly at equilibrium with the
exhausting solution and the concentration driving
force across the liquid film becomes small relative to
concentration differences within the resin beads.
There are only slight differences in the particular
shapes of the “S” curves of many of the various
possible models, and these shapes are difficult to dif-
ferentiate between relative to the error of ion-
exchange experiments. Thus, just because a given
set of IX data can be fit reasonably by equation 22
or 23 does not prove in itself that the liquid-film
model is the true physical description of the
IX-transport behavior [29].

Results. — Exhaustion-effluent concentration data
from the laboratory experiments given in appendix
F were fit to the liquid-film model. Regression anal-
yses of In C/C, of caicium, magnesium, and total
hardness (calcium plus magnesium) as dependent
variables and V{exhaustion throughput volume) were
performed to fit equation 22. Computer printouts

and plots of some of the regression analyses are
given in appendix H. A typical semilog plot for cal-
cium of cycle 1.01.06 is given on figure 8, which
contains the same data as on figure 6. The three data
points lying in nearly a straight line were selected
from the plot on figure 8 for the regression analysis,
resulting in the straight-line fit. These three data
points occur in the range of resin breakthrough of
calcium, which is the range of applicability of the
liquid-film model. Points before the three are initial
leakage. Points after the three are final approach to
equilibrium between the exhausting sofution and
resin where particle diffusion can be expected as an
influencing transport mechanism. Similar plots for
magnesium and total hardness concentrations did
not yield such straight lines, which could be due to
poor precision of the chemical analysis method used
for total hardness. (Magnesium concentration was
calculated as the difference between total hardness
and calcium concentrations, each determined by
titration where a colorimetric end point must be
visually detected.)
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Figure 8. — Semilog plot of calcium effluent concentration ratio versus effluent volume for cycle 1.01.06.



Table 10 is a summary of the regression information
for the liquid-film model for.calcium (equation 21) in
each cycle. Table 10 shows the values of the appar-
ent k, and & calculated from the slope and intercept.
The adjective “apparent” is used here because suc-
cessful straight-line fits of the semilogarithmic plots
do not in themselves prove the validity of the liquid-
film model given by equation 22 because other
mechanisms also could give such a fit. The assump-
tions used in developing equation 22 are not entirely
in force with the present laboratory data as noted
earlier in this section. Assuming the validity of equa-
tion 22, 8 may be considered the net equilibrium
specific resin capacity for calcium, which is the dif-
ference between the equilibrium qc,’s for the regen-
eration and the exhaustion feed solutions.

In addition to C/C,regression analysis also were
performed and plots were made for calcium, magne-
sium, and total hardness on In [(C- C/(C ;- C,)]
versus V to try to fit the exhaustion effluent concen-
tration data to equation 23, the other form of the
liquid-film model that was developed, because it
would be presumably more accurate than equation
22. It was found that the data fit by equation 23 did
not fit well with a straight line. A sample plot for cal-
cium is on figure 9 using the same data as on figure
8. For all the cycles, the best fit of the data using this
latter concentration function would have been a con-
vex curve of the shape indicated by the three points
about the straight line on figure 9. Analysis of the
data for magnesium and total hardness using this
same method gave similar unsatisfactory results.

Thus, although equation 22 does not appear to be
as rigorous theoretically as equation 23, the plots of
C/C, for calcium versus V as indicated by equation

22 gave straight line fits, which were highly signifi-
cant statistically, for all of the laboratory IX cycles.
Similar plots as on figure 9 did not fit equation 23.
Because of the success of the semilog form of equa-
tion 22 to fit the data, equation 22 was tentatively
selected as a useful description of calcium break-
through. Equation 21 was rewritten in terms of

C/Cy
c k C k Vo
— = exp L ~o V— L Yresi _ (24)
c, aG, G,

where exp () means that the value within the paren-
theses is the exponent of e the base of natural
logarithms.

Using the values from curve-fitting in table 10 for
cycle 1.01.06 and equation 24, values for C/C,
were calculated as a function of V: the values are
shown plotted on figure 10. Note that equation 24
provides a good fit of the experimental data during
the initial breakthrough of calcium where liquid-film
mass transfer resistance would be expected to domi-
nate. The relatively greater deviation of the curve
from the forth data point at 50 bed volumes relative
to the second and third points is due to the exponen-
tial transformation of the least-squares fit parameters
obtained from In C/C, versus V. Nonlinear regres-
sion methods would produce a more equal fit of each
of the untransformed data points. Beyond the half-
height point the exponential equation does not fit the
data adequately, which is aiso where particle-
diffusion control is expected to begin t0 dominate
as total exhaustion is approached. Note that the
practical breakthrough concentrations of 6 and
12 meq/L of calcium, where exhaustion was termi-
nated in the LVS field experiments, lie in the range
where equation 24 fits the data well.

Table 10. — Values from linear regression fit of laboratory 1X data In ¢/,
of calcium versus V, exhaustion-throughput volume in bed volumes
(1 bed volume = 500 mL), apparent mass-transfer coefficients, k; , and
total calcium resin capacities, a, of liquid-film model

Cycle Number Semilog Standard Semilog Standard k. a,
number data siope error of intercept error of second_1 eq/L
points BV slope intercept
1.01.01A 4 0.0852 0.010 — 6.30 0.39 0.122 1.356
1.01.01B 4 .0738 .005 - 442 .26 .0806 1.124
1.01.02X 4 .0929 .005 — 6.46 .23 1213 1.335
1.01.028 3 173 .005 — 743 .20 .1439 1.5665
1.01.03 3 .0858 .005 — 5.65 .30 .0484 1.453
1.01.04 3 .0912 .002 — 4.76 .03 .0383 0.955
1.01.05 3 141 .005 — 472 .08 .0387 1.056
1.01.06 3 .113 .010 — 6.29 .30 1164 1.096
1.01.07 2 132 o* — 4.05 o* 0671 0.961
1.01.08 4 149 .002 — 5.23 .04 .0419 1.145
1.02.01 5 .163 .010 —-11.61 .52 167 1.459

* Because there were only two data points within the appropriate range for cycle 1.01.07, the
first order curve fit passed exactly through the two points and had no residual error,



On figure 10, the doubie mirror image of the
exponential function rotated about the half height is
the short dashed line, which is plotted to show how
the “S” shaped curve could appear if it were sym-
metrical. The deviation of this short dashed curve
from the longer dashed curve drawn to pass through
the experimental data shows clearly that the
experimental 'S shaped curve is not symetrical.
This general type 'S shape of the experimental
data, where the bottom of the “S” has more curva-
ture than the top. is indictive of particle-diffusion
controlled mass transfer in the later portion of the
exhaustion breakthrough [29].

The various areas marked A through E on figure 10
are used to describe the differences among various
estimates for specific calcium resin capacity gg,.
Multiplication of a measured area (dimensionless on
figure 10) by the feed-water calcium concentration
yields an estimate of gg,. The different estimates of
Gca for each experimental cycle are given in table 7.
The experimental estimate of the amount of calcium
removed per IX cycle (table 7, column 3) corre-
sponds to the entire area B4+ C+D+E. It was esti-

|

mated in the present work using the trapezoidal
method of numerical integration. In the present dis-
cussion, this experimental value is considered the
“true value’ for comparison with the other esti-
mates, which are greater approximations, but of
course, it is subject to experimental error.

The a of the liquid-film model — an estimate of g,
contained in equation 22 — is represented by the
area B+ C. Because the area is but a portion of the
true area, it is easy to see why it is a lower estimate
of each g, (table 7, column 6) than the experimental
value.

The half-height estimate of qgc,. represented by the
rectangular area A+B+C on figure 10, is the bed
volumes at C/C, = 0.5 times the influent calcium
concentration. It is used sometimes because it can
be simple to calculate and is easy to describe theo-
retically. In the last column of table 7. the half-height
estimates are also less than the experimental esti-
mates, and would only be equal to the true value if
the ’S” curve were symmetrical, as the double-
mirror-image curve of the exponential function

Equation 23 fit 10 3 points®
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Figure 9. — Semilog plot of reduced calcium effluent concentration versus effluent volume for cycle 1.01.06.
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shown as the short dashed curve on figure 10, or
where the areas A=C+D.

Thus, none of the other three methods of estimating
gca in table 7 appear to be an accurate substitute for
the experimental value obtained by trapezoidal inte-
gration. All three gave low estimates with the present
data. However, these other methods may be useful
for providing quick, rough estimates, depending
upon the accuracy required, because they may be
easier to calculate and require fewer data points.

Regression analysis was performed on the combined
summary data from the various cycles with the
apparent k;, and &g as the dependent variables. inde-
pendent variables in the regressions included all the
control variables in the laboratory IX experiments,
namely, exhaustion-feed and regenerant water com-
positions, water temperature, and exhaustion flow
rate. Regeneration flow rate was not included
because it will not affect exhaustion when the regen-
eration is totally to equilibrium. These regressions

were done for possible prediction of the location and
slope of the calcium-breakthrough curve as a func-
tion of different IX operating conditions. Computer
printouts from these regressions are in appendix H.

Results of these regressions with &, as the depend-
ent variable were that only the exhaustion flow rate
G, of all the control variables had a statistically sig-
nificant relation with k,. This would be expected in
the liquid-film model, although a weak relation with
water temperature had been observed [33]. Note
that the water compositions in the laboratory experi-
ments did not relate significantly (using the partial F
test [25] and 95 percent confidence limits) to k.
although they did relate significantly with & as de-
scribed in the following paragraph. The equation
form selected between &, and V was a power model
because it is often used for mass-transfer coeffi-
cients and can give a good fit with only two parame-
ters. Moreover, because only two levels of G, were
controlled in the experiments, it would not be
possible to detect curvature and to differentiate

Extrapolated exponential function
of liquid-film model equation 23+
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Figure 10. - Fit of liquid-film model to calcium effluent concentrations during cycle 1.01.08, areas of different estimates of specific

resin capacity also are shown.
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between the various possible functions of k; versus
G, with the data. The resulting regression equation
for &, is:

k, = 0.00281 v'17 (25)

where v is the superficial flow velocity {mm/s) which
is the volumetric flow rate G, divided by the
resin-bed cross-sectional area.

Equation 25 contains v in place of G,to make it
more generally applicable for resin beds of any cross-
sectional area containing DOWEX®HCR-W2 resin
and operating with comparable conditions and water
compositions. The log-log plot of &, versus v con-
taining the regression line of equation 25 and the
experimental data are given on figure 11. The
95-percent confidence limits for the 1.17 exponent
in equation 25 are relatively wide at 0.71 to 1.62.
For liquid-film mass-transfer, this exponent should be
less than 1 [29]. for example, about 0.7 according
to one article [33] and 0.5 according to
another [30]. Thus. within the experimental variabil-
ity and the goodness of fit of the model, equation 25
is consistent with many of the results of others.

Multiple regression anaiysis of g as the dependent
variable showed that the only control variables signif-
icantly affecting it were the exhaustion-feed and
regenerant compositions. This finding is consistent
with the previous discussion regarding the equilib-
rium model for estimating gc,. None of the data from
the regressions fitting a are given here because the

bl

? Equation 25
(&)
1]
i
-
c
-3
-4 f . ! i
20 25 30 35

in(Velocity, mm/s)

Figure 11. - Log of liquid-film mass-transfer coefficient versus
log of superficial velocity of exhaustion flow.
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equilibrium model given earlier in this section pro-
vides a more accurate and meaningful estimate of

9Ca:

Limited regression analysis was performed on the
LVS field data using the liquid-film model. The
results, not included in this report, were not as
encouraging as with the laboratory data because the
apparent k, varied with regenerant composition
when exhaustion-flow rate was held constant. If the
liquid-film model were valid, k; should be independ-
ent of ionic water composition, as was observed in
the laboratory experiments. The calculated & values
were also about one-half of the values that would be
expected based on other estimates of q¢,. The rea-
sons for the poor fit of the model to the field data
are not entirely clear, but the fact that the exhaustion

steps of the field experiments were run to break-
through calcium concentrations of 6 and 12 meq/L
rather than to equilibrium as in the laboratory experi-
ments, limited the range of the exhaustion-effluent
calcium-concentration data for curve fitting (see
fig. 9). It is also true that the regenerations were not
done to ionic equilibrium between resin and regener-
ant at LVS as in the laboratory experiments, which
certainly could affect the subsequent exhaustion
breakthrough curves.

In summary, the liquid-film model gives a good fit of
the laboratory data including separation of flow-rate
and solution composition affects into two separate
parameters, k; and a which have apparent physical
meaning according to the model. Thus, considerable
progress has been made in developing a predictive
model for the exhaustion step of an IX cycle. Less
success was achieved in fitting the liquid-film model
to the LVS field experiments, but the field experi-
ments were not designed for obtaining the data
needed to test the liquid-film model. Additional field
experiments would be required with this goal in
mind.

Modeling the Regeneration Step

Development of equations to describe the dynamic
behavior of the cation exchange between regenerant
and IX resin was beyond the scope of the present
phase of study. The equilibrium model presented
early in this section described the resin capacity at
equilibrium with influent solutions. This equilibrium
model did not account for a limited regeneration vol-
ume nor for the rate of exchange between solution
and resin. Some information on a regeneration
model was gathered in the course of the literature
review needed to develop the models contained pre-
viously in this section. This information can be used
as a starting point to develop a regeneration model
in the future.



The importance of mathematically describing the
regeneration step is that the efficiency of using the
regeneration solution and the concentration profile
within the resin bed at the beginning of exhaustion
can be described. Both have an effect on the
exhaustion, and thus, cycle performance. A nonuni-
form concentration profile in the bed at the end of
incomplete regeneration becomes an initial bound-
ary condition for the exhaustion model. The stoichio-
metric efficiency of using the chemicals in the
regenerant solution to regenerate the resin can be
substantially less than 1.0 in strong acid cation
exchange (the present system), and a regeneration
model should predict the inefficiency.

At the high normalities of regenerant solutions, the
mass-transfer resistance between solution and resin
is usually relatively small relative to the equilibrium

Ay s between solution and rasin hnr‘ r')Q] Thn
UYIIGIIIIUO VUGLYYOUIT OUIUI.IUH (=1L B RIS 1]

equilibrium between solution and resin is probably
unfavorable in the regeneration exchange of
regenerant sodium for calcium on the HCR-W2 resin.
Mathematically, the right side of equation 9 will be
greater than 1.0 if equilibrium is unfavorable.
According to equation 9 if C,Were high enough this
exchange equilibrium would be favorable, but this
probably does not occur in the present system under
study. Unfavorable equilibrium results in a propor-
tional concentration profile, one in which the
calcium eluting peak tends to spread out with
increasing time and axial distance through the resin.
This proportional profile contrasts with the favorable
equilibrium case of exhaustion (liquid-film model)
where the exchange front is “self-sharpening.” The
mathematics of the proportional pattern predict the
effluent history of regeneration from solution IX resin
equilibrium and mass-balance relationships. Only a
minor correction may be needed to account for the
mass-transfer resistance. Thus, previous work in the
scientific literature [27 to 31] provides a basis with
which a regeneration model could be developed as
an extension of the present study. This would result
in a more accurate model for predicting the perform-
ance of the entire IX cycle where limited regenera-
tion volume and less than ideal regenerant-brine
compositions strongly affect the IX performance.
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ION = EXCHANGE

T.D. Index 120.04

applications - recommendations * materials

DOWEX HCR-W2 cation exchange resin

A second generation premium quality resin—DOWEX*
HCR-W2 cation exchange resin—is produced by a new
improved process. it replaces DOWEX HCR-W resin in all
applications requiring superior physical stability and
characteristics and outstanding physical stability which
made DOWEX HCR-W resin the standard of excellence
during the past 15 years are maintained. In fact, the new
manufacturing process provides an even higher degree of
physical stability as measured by friability tests now stan-
dard in many specifications. DOWEX HCR-W2 is more
closely screened than standard water treatment resins. it is
supplied to meet tight 16/40 mesh specifications typical for
condensate polishing and other high flow rate applications.

APPLICATIONS

Industrial and municipal water softening —OOWEX HCR-
W2 resin is recommended for use in hot or cold zeolite
softeners. It stays clean, resists breakdown and performs
with a minimum of resin loss. It is especially well suited for
upflow open-type municipal water softeners, assuring a
minimum of particles leaving the system.

Deionizing— Mixed beds containing DOWEX HCR-W2
resin have lower pressure drop and are easily separated
and regenerated. Freedom from fines formation assures
maximum water quality and operation at design conditions
for longer periods than similar beds of standard resins.

Trademark of The Dow Chemical Company

Continuous systems — Physical stability is extremely im-
portantin this kind of service. DOWEX HCR-W2 resin can be
used alone or with a DOWEX anion resin in softening and
other continuous ion exchange processes. Resistance to
osmotic shock adds to its value as a superior cation
exchanger for this service. Compatible with most anion
resins, mixed moving beds are used with greatest safety to
physical life of the anion resin.

High flow rate condensate polishing— This application
owes much of its success to the marked physical stability of
DOWEX HCR-W resin. DOWEX HCR-W2 resin exhibits an
even higher degree of uniformity when measuring physical
stability by acceptable procedures, and it carries friability
specifications equal to or exceeding most requirements. It
is our unrestricted judgment that DOWEX HCR-W2 resin
may be used without reservation for all condensate polish-
ing systerns without reference to special particle sizing to
assure optimum water guality and lowest pressure drop
since it is supplied to meet industry 16/40 mesh specifica-
tions. Superior physical stability, which practically elimi-
nates bead breakage and formation of fines due to external
regeneration or high flow operations, insures low pressure
loss and high capacity cycle after cycle.

DOW CHEMICAL U.S.A.

AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY
FUNCTIONAL PRODUCTS AND SYSTEMS DEPARTMENT
MIDLAND, MICHIGAN 48640
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Physical and Chemical

Properties

Physical Ferm .......

Sphericity —
Original ..........

Water Retention
Capacity .........
Shipping Weight
bs./cu. ft.........
Minimum Capacity
meq/gdry resin . ..
megq/ml wet resin .
Kgr/cu. ft. as
calcium carbonate
Color Throw,
APHANo.........
Specific Gravity ... ...
Friability — gm/ bead
minimum for
95% of beads .. ...
average ..........
Standard Screen
Size (Wet)
oni6mesh .......
Through 40 mesh ..
Screen Index Range ..

Hard, sphefical

Suggested Operating

Conditions

pHRange ..........
Maximum Temperature
Minimum Bed Depth ..
Service Flow Rate . . ..
Back Wash Flow Rate .

beads.
95% Min.
Na* Form H* Form
44-48%  51-54%
53 50
44 48
20 18
436 392
20 40
1.28 .21
>200 >200
>350 >350
2% max. 2% max.
1% max. 1% max.
300-450  300-450
0-14
300°F
30 inches
2-4 gpm/cu. ft.

7-8 gpm/sq. ft. at 77°F
{See Fig. 1)

DOWEX HCR-W2 cation exchange resin meets
the requirements of Food Additive Regulation
121.1148. (Now Title 21, Subpart A, 173.25.)

PHYSICAL AND CHEMICAL PROPERTIES

Physical stability — The superior physical stability of DOWEX HCR-W
resin has long been established as a standard of the high performance
ion exchange industry. The new manufacturing process for DOWEX
HCR-W2 resin eliminates cracks and weak spots within the resin beads.
This superior stability permits use under severe conditions, such as high
flow rates.

Hydraulic characteristics — Particle size of DOWEX HCR-W2 resin is
specifically controlled in manufacture, resulting in excellent hydraulic
properties. (See Figures 1 and 2). The compression caused by high flow
rates, attrition in backwash, and osmotic shock in saturated brine and
strong acid regenerants, have a minimum effect on the resins’ perform-
ance and efficiency.

High capacity — Exceptionally high capacity has been built into DOWEX
HCR-W2 resin. Correspondingiy high regeneration efficiency is obtained
and resin loss due to bead fracture is minimized.

FIGURE 1— Expansion Characteristics of DOWEX HCR-W2 Resin
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FIGURE 2—Pressure Drop with
DOWEX HCR-W2 Resin
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Sodium Cycle Operation:

Regenerant Level .. ..

Regenerant
Concentration
Regenerant
Transfer Time
Rinse Water
Requirement
Displacement
Rinse Rate ........

Final Rinse Rate

Dependent on leakage
and capacity desired
(see Fig. 3 & 4)

10-26% NaCl

2 min. /Ib. NaCl/ cu. ft.
20-40 gal. /cu. f1.
Adijusted to insure

30 min. contact with

NaCl
Equat to service rate

FIGURE 3 — Softening Capacity of DOWEX HCR-W2 Resin
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FIGURE 4 — Sodium Cycle/ Operation
Hardness Leakage
DOWEX HCR-W2 Resin
[ 10 1%
50 Reg Dosage A
NaCl Ib/ cu it
30 /j 7 7
A
20 /
; /
717
Vi
é /
S 5 7
g
1 / /
o
= 2
/
Eo /
V4
f V4
05 4
0 7117
/
0.2 /
/
01 /
100 200 300 500 1000 2000 3000 5000

Raw Water Total Dissolved Solids (TDS) ppm as CaC0s

43



Hydrogen Cycle Operation:

Regenerant

Concentration

FIGURE 6 — Capacity of DOWEX HCR-W2 Resin
in Hydrogen Cycle—H2804 Regeneration
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NOTICE — The information and recommendations herein are, to the best of Seller's knowledge, accurate and
reliable and Selier's products mentioned are reasonably fit for the purposes so recommended. However, as use
conditions are not within its control, Seller does not guarantee results from use of such products or other
information herein. Freedom from patents of Dow or others is not to be inferred.

DOW CHEMICAL U.S. A,

AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY
FUNCTIONAL PRODUCTS AND SYSTEMS DEPARTMENT

AMIDILAND MICHIGAN 48840
LA [ ghi&)

i o, VL GAN . SO04U

Trademark of The Bow Chemical Company
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MODE

RACKWASH
DRAINM 1
REGEM 3
NRAIN 2
RINSE
SERVICE

DRAINM 3

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

Ion-Exchange - Run L.01.00

1/29/80
L.01.97
Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - Fresh ED Brine
Source of backwash - IX feedwater

Target Actual
Fresh regeneration conc. (mg/L TDS-calc.) - 41 100
Fresh regeneration conc. (mg/L TDS-evap.) - 41 300
Fresh regeneration flow rate (L/min) 12.0 12.1
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meq/L Catt) 12.0 12.8
Heat exchanger used No No
Packed bed regeneration mode used No

(i.e., resin hold-down)

Height®+ 1 128 mm

Volume =

103.0 L

No

Chemical Compositions of Tank Waters (Prior to Cycle) L.01.97

Tank

Recycle regenerant (T-5)

Spent regenerant (T-6)

Lime-softened feed (T7-9)

Lime-softened feed (T-10)

Fresh ED brine (7-28)

1X product/ED feed (T-33)

Lime-softened feed (clearwell)

%The standard resin bed height was determined by measuring the height of the resin
at the end of the drain-down after regeneration with fresh ED brine.

INPUT

FEFED
(VENT)
FP REGEN
(VENT)
FEED
FEED

(VENT)

OUTPUT

WASTE
WASTE
SP RFEGEN
WASTE
WASTE
PRODUCT

WASTE

OPERATING CONDITIONS

pH Conductivity  Ca** Mgt TH
units mS/m meq/L meq/L meq/L
7.3 3 570 97.0 54.0 151.0
7.3 1 100 23.8 9.4 33.2
7.1 1 080 22.4 10.6 33.0
6.6 4170 18.0 20.4 38.4
7.2 1 150 3.9 4.9 8.8
7.3 1 100 23.2 10.6 33.8

CYCLE L.01.97

DURATION
MIN
10
5
62
]
10

120

216

THROUGHPUT VOLUMF

L

763
hny

749

47

Bv

2.55

RFED

AVG FLOW RATE EXPANSION

L/MIN  RY/MIN

26,3 « 255
13.7 «133
12.1 117

13.7 .133

15,5 «150
29,7 « 28R
13.7 «133

L 3

39,

0.0

TEMPFRATURE
c

3.5

15.5



Fresh Regenerant Volume Balance

Cycle L.01.97

Fresh Fresh
regenerant regenerant St]arvict(ev ) Egngeed .
TDS volume

bRugyléig]r'\g(.) Date vo'lur‘rie (Vs) ma/L L s mg/L %2 Vi/(-R
19 1/15/80 240 - 1 920 - 80 0.62
20 1/15/80 300 - 2 240 - 80 0.67
21 1/15/80 610 - 2 920 - 80 1.04
22 1/15/80 600 - 2 840 - 80 1.06
23 1/16/80 600 - 3 030 - 80 0.99
24 1/16/80 607 - 3270 - 80 0.93
25 1/16/80 617 - 3 150 - 80 0.98
26 1/16/80 599 - 3 000 - 80 1.00
27 1/17/80 600 - 2 900 - 80 1.03
28 1/17/80 592 - 2730 - 80 1.08
29 1/17/80 615 - 2 680 - 80 1.15
30 1/17/80 600 - 3 280 - 80 0.91
34 1/18/80 606 - 3 220 - 80 0.94
35 1/18/80 588 - 3 390 - 80 0.87
36 1/18/80 606 - 3 200 - 80 0.95
37 1/19/80 609 - 3170 - 80 0.96
38 1/19/80 597 - 3 170 - 80 0.94
39 1/19/80 594 - 3 240 - 80 0.92
40 3/19/80 600 - 3 330 - 80 0.90
41 1/19/80 682 - 3 330 - 80 1.02
42 1/19/80 681 - 3 380 - 80 1.00
47 1/20/80 680 - 3 560 - 80 0.96
48 1/20/80 682 - 3 900 - 80 0.87
49 1/21/80 679 - 3 520 - 80 0.96
50 1/21/80 680 - 3 330 - 80 1.02
51 1/21/80 681 - 3170 - 80 1.07
52 1/21/80 678 - 3 270 - 80 1.04
53 1/21/80 677 - 3 270 - 80 1.04
54 1/21/80 677 - 3 550 - 80 0.95
55 1/22/80 675 - 3 250 - 80 1.04
56 1/22/80 677 - 3 250 - 80 1.04
57 1/22/80 675 - 3 150 - 80 1.07
64 1/23/80 680 - 3 870 - 80 0.88
65 1/23/80 680 - 3 830 - 80 0.89
66 1/23/80 681 - 3 870 - 80 0.88
67 1/24/80 680 40 603 3 930 9 893 80 0.87
68 1/24/80 679 40 603 3 840 9 893 80 0.88
69 1/24/80 556 40 603 3 420 9 893 80 0.8
80 1/24/80 860 40 603 3 940 9 893 80 1.09
n 1/24/80 857 40 603 3 680 9 893 80 1.16
72 1/25/80 858 42 000 3 820 13 000 80 1.12
73 1/25/80 852 42 000 3 820 13 000 80 1.12
74 1/25/80 750 42 000 3 500 13 000 80 1.07
75 1/25/80 747 42 000 3 540 13 000 80 1.06
76 1/25/80 750 42 000 2 /00 13 000 80 1.04



Cycle L.01.97 (concluded)

Fresh Fresh
regener?ct) re%ggerant v§$:;2civ ) Egngeed "
Run L.01. volume
Cyt]g]ngq Date L : ma/L L > mg/L 2 Va/(1-R)Ve
82 1/26/80 753 - 3 760 - 80 1.00
83 1/27/80 748 - 3 490 - 80 1.07
84 1/27/80 750 - 3 500 - 80 1.07
85 1/27/80 752 - 3 670 - 80 1.02
86 1/27/80 752 - 3 590 - 80 1.05
87 1/27/80 750 - 3 640 - 80 1.03
88 1/27/80 751 - 3 450 - 80 1.09
89 1/27/80 750 - 3 390 - 80 1.1
90 1/28/80 753 41 570 3 540 8 960 80 1.06
91 1/28/80 750 41 570 3 540 8 960 80 1.06
92 1/28/80 752 41 570 3 550 8 960 80 1.06
23 1/28/80 749 41 570 3 350 8 960 80 1.18
94 1/28/80 400 41 570 2 490 8 960 80 0.80
95 1/29/80 750 - 3 430 - 80 1.09
Y6 1/29/80 754 - 3 460 - 80 1.09
97 1/29/80 749 - 3 560 - 80 1.05

Influent and Effluent Compositions during IX Regeneration and Service - Cycle L.01.97
(A11 samples composites except regeneration influent)
(Analyzed at Boulder City on 3/10/80)

Rinse &
s ~Torene i @ {nfuent eftisent

PH units 1.6 - 7.7 1.8
T0S (calculated) ng/L 38 500 39 700 8 680 8 760
T0S {cvaporated @ 180°C) mg/L 39 100 38 800 8 570 8 590
Conductivity @ 25°C wS/m 4 860 - 1 250 1 300
Silica mg/L s 0 18 18
Calcium mg/L 380 2 320 440 108
Magnesium mg/L 256 659 137 10.2
Sodium mg/L 12 500 10 500 230 2 800
Potassium ng/L 1210 860 208 284
ron, total ®g/L 0.27 Q 0.05 0
Mangancse, total mng/L o.n <0.4 0.05 0.05
Strontium mg/L 5.5 30 6.3 1.8
Bicarbonate mg/L 78.7 104 4.5 ,0.9
Carbonate mg/L 0 0 0 0
Nydroxide mg/L - - - -
Sulfate mg/L 8 640 9 600 2 000 2 020
Chloride mg/L 15 500 15 700 3 540 3 40
T-alkalinity as CaCO, mg/L 65 90 k) k)
P-alkalinity as CaCO;.  mg/L [ 0 0 0
T-phosphorus as PO, mg/L 0.7 ] 1.0 0.9
E.F. [TDS(ulcuhted)lcondJ 7.9 - 6.9 6.7
€.F. [§0S(evaporated)/cond.] 8.0 - 6.9 6.6

T Anfons weq/L 616.6 643.9 142.3 1397
T Cations meq/L 615.0 648.0 139.7 139.3
Control value meq/L +0.17 -0.41 +1.04 ~0.04

“The BW/RG-E sample was inadvertently excluded in the composite.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MOGE

BACKWASH .
RACKIASH
RFGFM
PFREN
PEGEM
REGFM
RERFN
REGEN
RINSFE
PINSF
RIMSE
SERVICE
SERVICE
SEPVICE
SERVICF
SERPVICF
SERVICE
SFRYICF
‘ERVICF
SERVICF

WeawWwww

PROCESS
STRFAM

EFFLUENT
EFFLUENT
EFFLUENT®
TNFLUENT
EFFLUENTR
EFFLIIFNTA
EFFLUENTE
EFFLUENT®
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
IMFLUFNT
EFFLUENT
IMFLUENMT
EFFLUFNT
EFFLUEMT
EFFLUENT
IMFLUENT
EFFLUENT

CYCLE L.01.97

THROUGHPUT
ky

n. 00
1.24
?.5%
3.3K
4,43
.31
R.16
9.t4
0.00

«75
1.50
1.50
3.5¢
5.53
17.0A
15.07
27.72
32.04
36,07
36.07

CA
MEQ/L

22,95
21.21
79,94
1#,96
154,69
117,727
R4 _H3
72.36
40,92
11,93
3.24
3.7%
21.71
3.7¢4
21 .46
2.99
4,24
9,23
21 .46
12.72

MG
MEGQ/L

14,81
12.84
20,048
21,07
80,33
52.76
42,72
40,16
2R, 15
7.023
2.01
2.01
11.03
2,01
10.53
2.01
653
14.32
10,78
16.05

TH
MEQ/L

37.77
34,05

50,02

40,03
235,07
170.07
127.5%
112,57

69.07

19.n¢

5.2%
5.25%
32.74
5.25%
31.99
S.00

10.77

23,5%

32.24

28,77

NA
MFN/L

109,41
101,35
105,26
543,71
397,78
452,37
sS0n,27
4h),07

83,50
215,11
136,15
1nn,06
129,19

99.61
176,14
119.62
109.51
103,96
107.00

aSamp]e was diluted in the field (1/10). Values reflect undiluted concentrations.

CYCLE L.01.97

AVERAGE COMCENTRATIONS. MEQ/L

TMFLUENT

?1.54
10,76
12.32
101.20

EFFLUENT

4.53
S.1lA
9.79
123.20

DIFFERENCE

16.91
5.62
?22.53
-22.00

REMOVAL

%
70

s52?
10

50

SERVICE PERFORMANCE SUMMARY

RESIN CAPACITY

EQ/L

«585
«194
«779

TIMF<-WEIGHTED
RESIM CARPACITY

MEQ/L 2ty

32 2.7/
0 o, 90
c“"—' 3"/
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CONCENTRATIONS, MEQ/L

MARJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE L.01.97 CYCLE L.01.97
o Calcium Avg. influent 215 0 Calcium A i
o Magnesium concentrations, meq/L o Magnesium conc;girgzglgg?tmeq/L
A Total Hardness ++ Reg 69.1 A Total Hardness Ca''
. Ca 19.0 . Mg+t
¢ Sodium ++ o Sodium q 10.8
Mg 21.1 40.9 TH 32.3
o TH, 40.0 Na* 101
Q_ Na 544 N
[7a) e
Ny
o)
i (
>
D LY
N — 0 =
= N
= &)
.
BW + Reg s gé Service
P...
8 Z © -
i
™ O
=
o
&)
Q =
N — 00 —
-l L )
q w t‘ A
= 3 jad —4a
1 e b—o o
)
O | l 1 | e l | l
0 3 6 9 12 0 10 20 30 4o
BED VOLUMES BED VOLUMES

J0DIUM (NR), CALCIUM (CR)., GNO MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
TOTAL. HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.

NA CONCENTRATIONS, MEQ/L
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REGE 1
DEEEL »
REGEN 2
hEYS RV
RInes

QELyICE

n3aly 2

Ion-Exchange - Run L.02.00

Date: 2/1/80
Cycle: L.02.12
Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine
Target Actual
Control variables: Fresh regeneration conc. (mg/L TDS-calc.) - 40 800
Fresh regeneration conc. (mg/L TDS-evap.) - 39 800
Fresh regeneration flow rate (L/min) 12.0 12.1
Recycled regenerant flow rate (L/min) 24.0 24.0
Recycled regenerant volume (L) " 1600 1591
Service termination point (meg/L Ca™™) 12.0 12.2
Heat exchanger used Yes Yes
Packed bed regeneration mode used No No

(i.e., resin hold-down)

Height®= 1 12
Volume = 103.

o o

mm
L

Chemical Compositions of Tank Waters (Prior to Cycle) L.02.12

pH Conductivity  ca*t Mgt
Tank units mS/m meq/L meg/L
Recycle regenerant (7-5) 7.5 4 600 49.0 47.0
Spent regenerant (7-6) 7.4 4 600 52.0 49.0
Lime-softened feed (T-9) 7.2 1 350 20.6 11.4
Lime-softened feed (T-10) 7.1 1 320 21.2 10.4
Fresh ED brine (T7-28) 6.0 5 150 16.2 21.8
IX product/ED feed (T-33) 5.7 1 400 3.0 5.6
Lime-softened feed (clearwell) 7.1 1 320 21.4 10.0
%The standard resin bed height was determined during run L.01.00.
OPERATING CONDITIONS
CYCLE L.02.12
PURATION  THROUGHPUT VOLUMFE AVG FLOw OATF
TibnT CUTAHT (28 &8 L Ay L/MIN WV /NMIN
F QFAFM pasTe 10 261 2.53 2h.1 o P53
SEOPESFY SR RFAEN ah 1591 15.4 24,0 733
Fp 0k GFN GO REAFL 73 2r41) B84 12.1 e117
tys T WASTF 3 A o &0 2n.7 o201
FEED VLT 10 150 1,44 15.0 146
FEED PRAICT 152 4654 44,2 29,9 «201
(VFi-T) WnGTE 3 LY okl 0.7 «201
317

TH

meq/L

96.0

101.0

32.0
31.6
38.0

8.6
31.4

RED
FXPANSTON
%

34,
39,0

23.

TEMPERATURE
c
2648
26.5

11.8



Fresh Regenerant Volume Balance
Cycle L.02.12

Fresh Fresh
regenerant regenerant Ssrvice(ev | E_?D;eed R
L.02.00 volume (V DS volume
Rugyde no.  Date L (Vs) tzg/L L mg/L % Va/(-R)Vs
05 1/30/80 750 - 4 210 - 80 0.89
06 1/30/80 746 - 4 020 - 80 0.93
07 1/31/80 747 - 4 190 - 80 0.89
08 1/31/80 880 - 4 390 - 80 1.00
09 1/31/80 883 - 4 350 - 80 1.0
10 1/31/80 878 - 4 290 - 80 1.02
N 2/1/80 885 - 4 430 - 80 1.00
12 2/1/80 880 - 4 550 - 80 0.97

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.02.12
(A11 samples composites except regenerations influent)
(Analyzed at Boulder City on 3/12/80)

Rinse,

Regen 1, 2 Regen 2 a Regen 3 service Service

Units influent effluent InTTuent Eifluent influent effluent
H units - - 1.5 - 1.7 7.9
705 (calculated) mg/l 34 400 34 400 40 500 40 400 8 740 8 860
TDS (evaporated @ 180°C) mg/L 34 300 34 300 39 800 39 700 8 660 8 690
Conductivity @ 25°C mS/m - - 4 920 - 't 260 1 240
Silica mg/L 0 0 15 40 15 19
talcium mg/L 1 040 1 340 380 1 320 440 75.0
Hagnesiom mg/L 610 §37 287 $37 140 85.4
Sodium ng/L 10 300 9 940 13 300 12 100 2 3% 2 860
Potassium mg/L 782 743 1210 1 020 205 293
Iron, total ng/L 0.4 0.4 0.28 0.6 0 0.06
Manganese, total mg/L <0.5 <0.5 0.12 <0.4 €0.05 <0.05
Strontium mg/L 26 26 .3 26 6.3 1.8
Bicarbonate mg/l 92 104 76.3 0 48.2 47.6
Carbonate mg/L 0 0 0 0 0 0
Hydroxide mg/L - - - - - -
Sulfate mg/L 6 050 6 290 9 340 8 930 2 040 1 980
Chioride mg/L 15 500 15 500 16 200 16 400 3 480 3 520
T-alkalinity as CaC0, mg/L 80 90 63 0 40 39
P-alkalinity as Ca(0, mg/tL [] 0 0 0 0 0
T-phosphorus as PO, mg/L 0 0 1.0 0 1.4 1.3
£.F. [T0s(catculated)/cond ] - - 8.3 - 6.9 7.1
€.F. [T0S(evaporated)/cond.] - - 8.1 - 6.9 1.0
T Anfons meq/L 563.6 568.0 652.0 647.5 141.2 141.2
L Cations meg/L 568.0 562.0 651.5 664.0 142.8 142.8
Control value meq/L -0.50 +0.67 +0.05 «1.63 -0.70 -0.70

“Due to an insufficient volume of individual samples to make a Regen 2 composite,
only the sample collected at the halfway point of Regen 2 was used for the composite.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

HONE

QEGEN
PEGEN
QEGEN
ITREL
KRFGEM
REREM
PEGE?
PEGFM
PFEF
QFRENM
QFGFM
B TNSF
LA G142
B1NSF
SFPVICF
SFRVICF
SFRVYICF
SFRYICF
SFAVICE
SFRYICF
SERVICE
SERVICF
SERVICE

W W W W DN VN —

PRNCFSS
STRFAM

eFcLuent®
EFFLUENTS
FerFLnuFmtd
T8FLHEDT
EFFLUENT®
EFFLUFMTS
IMFLUIENT
FFFELENTE
EEFLIENTS
EFFLUENTE
FEFLIEMT
EFFLUFNT
EFFLURMT
FFFLUEHT
EFFLUFNT
IMFLUENT
EFFLVENT
INFLUENT
FFFLURNT
FEFLUFMT
EFFLUEMT
INFLUENT
EFFLUENT

CYCLE L.02.12

THROOLGHPUT
Ry

NGO
1.52
?.53
£.50
10,467
17.93
12,49
20,08
22.16
24.78
26.51
N, 00
.73
1.4A
l.646
3.49
hetl
29.93
27,38
33.13
3R, KA
48,63
45.63

ca
MEQ/L

43,90
121.75
120,74

51,50

Ak T

54,84

18,4k

7?,8%

&1 .74

4],92

71,26

Pl 04

T.9%
2.50
2.50

20,71

1.n0

20,71

1.50
’loq
T.69

20,46

12,23

"G
MEQ/L

29.14
70,79
‘_.Q. 30
S0.21
44,20
473,23
?2R.h2
51,2%
40,15
32.10
43.71
2a,12

.53

2.01

?2.01
12,02

1.00
11.03

1.26
17.04
17.46
11.03
18.11

TH
MEQ/L

.04
192,04
160,048
102.10
111,04
107.1)

67 ,5R
177,10
107,06

T6,.0)
114.07

R2.5+

14.51

450
4,50
37.73
2.00
31,74
2.7%

13.04

2c.3c

31,46

30,33

Na
MEQ/L

172.7%
ar7.1n
381,02
L4F L2
432,36
431,0K
875,91
401,52
§21.97
539,36
504,57
Sh5,40
P84 ,02
133,47
133,54
103,96
130,49
103,%2
130,05
120,05
109 ,.n1
104,39
1nA,13

aSample was diluted in the field (1/10), Values reflect undiluted concentrations.

SERVICE PERFORMANCE SUMMARY

CYCLE L.02.12

AVEREGE CONCEMTRATIONS. MEQ/L

ITMFLUEHT
ca 20,67
L) 11,795
MR 103,%4

EFFLUFNT

J.40
6,54
Q.94
123.73

DIFFERENCE

17.22
4.2
22.04
-19.77

RF*0VAL
%

83

4?2
69

55

PESIN CAPACTITY

EQ/L

« 761
«974

TIMF=WEIRHTED
RPESIN CAPACITY
MWEQ/L vistin

r9&5—21-1f¢’
R 847
5 o7
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CONCENTRATIONS, MEQR/L

150 300 450 600

o

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.02.12

o Calcium Avg. influent

concentrations, meg/L

O Magnesium Reg 1,2 Reg 3

A Total Hardness Ca*tt 51.9 19.0
O Sodium Mgt+  50.2  23.6
TH 102 42.6
Na* 448 579
¢
-]
‘ A/A\A\/
l/bﬁ\g' g
[t
Reg Req 2 1 Req 3 .
l R ]
0 7 14 21

BED VOLUMES

CA, MG, TH CONCENTRATIONS., MEQ/L

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.02.12

D Calcium Avg. influent

565 254 O Magnesium concentrations, meq/L
A Total Hardness Islaii %?2
i g .
52.6 ¢ Sodium TH+ 32.0
o S Na 113 g__ g
O ~—t
0\:
(1] ]_
Service
= _g -E3
N —
w__ O
- o~
ip]
0 1 — &
e | ] | =
0 12 2u 36 U8

BED VOLUMES

SODIUM (NR), CALCIUM (CR)., AND MAGNESIUM (MG) CONCENTRATIONS ARE MERSURED BY ATOMIC RBSORPTION.
TOTAL HARDNESS (TH} IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.

NA CONCENTRATIONS, MEQ/L



MODF

RACKWASH
DRAIN 1
REGEN 3
RINSFE
SFRVICE

DRAIN 2

Ion-Exchange - Run L.03.00

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

2/14/80
L.03.35
Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - fresh ED Brine
Source of backwash - IX feedwater

Target Actual
Fresh regeneration conc. {mg/L TDS-calc.) - 40 300
Fresh regeneration conc. (mg/L TDS-evap.) - 39 400
Fresh regeneration flow rate (L/min) 12.0 1.9
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meg/L Ca**) 12.0 14.2
Heat exchanger Yes Yes
Packed bed regeneration mode used Yes Yes

{i.e., resin hold-down)

360 mm

Height® 1
= 115.0 L

Volume

Chemical Compositions of Tank Waters {(Prior to Cycle) L.03.35

Tank
Recycle regenerant (T-5)
Spent regenerant (T-6)
Lime-softened feed (T-9)
Lime-softened feed (T-10
Fresh ED brine (T-28)

IX product/ED feed (T7-33)

Lime-softened feed (clearwell)

pH Conductivity  ca*t Mgt ™
units mS/m meq/L meq/L meq/L
7.2 4 500 12.4 89.0 101.4
7.2 1 300 19.8 9.8 29.6
) 7.2 1 300 20.0 9.8 29.8
6.6 5 150 15.8 19.0 34.8
6.4 1 400 3.8 4.2 8.0
7.1 1 300 20.0 10.6 30.6

%fhe resin bed height at the end of regeneration with fresh regenerant was used as

the standard resin height in calculating bed expansion.

OPERATING CONDITIONS
CYCLE L.03.35

DURATION THROUGHPUT VOLUMF
INPUT ouTPUT MIN L Bv
FEED WASTE 10 243 2.11
(VENT) WASTE 3 62 56
FR REGEMN SP RFGEN 75 R9A 7.79
FEED WASTF 10 150 1.30
FEED PRODICT 153 4590 39.9
(VENT) WASTE __E—_ 41 36
253

57

RED
AVG FLOW PATE FEXPANSION
L/MIN  BV/MIN %
24.3 211 30.
20.7 «1R0 0.0
11.9 104 0.0
15.0 «130 0,0
30,0 o261 6,0
20,7 ¢1R0 n,0

TEMPERATURE
Cc

25.9

25.9



Fresh Regenerant Volume Balance
Cycle L.03.35

Fresh Fresh
regenerant regenerant Service ED feed

Run L.03.00 volume (V3) TDS volume (Vg) T0S R

__Cycle no. Date L mg/L L mg/L 2 V3/(1-R)vg
06 2/7/80 754 - 4 360 - 80 0.86
23 2/11/80 748 41 200 4 270 8 780 80 0.88
25 2/12/80 803 - 4 600 - 80 0.87
26 2/12/80 762 - 4 090 - 80 0.93
27 2/12/80 747 - 4 400 - 80 0.85
28 2/13/80 751 - 4 270 - 80 0.88
29 2/13/80 743 - 4 480 - 80 0.83
30 2/13/80 890 - 4 290 - 80 1.04
31 2/13/80 895 - 4 560 - 80 0.98
32 2/13/80 902 - 4 520 - 80 1.00
33 2/13/80 896 - 4 730 - 80 0.95
34 2/14/80 897 - 4 720 - 80 0.95
35 2/14/80 896 - 4 590 - 80 0.98

Influent and Effluent Compositions during IX Regeneratioq an@-Service - Cycle L.03.35°
(A11 samples composites except regeneration influent)
(Analyzed at Boulder City on 3/27/80)

Rinse &

Regeneration Regeneration service Service
Units influent efflucnt inflyent effluent

P units 7.4 - 7.6 8.0
T0S (calculated) mg/L 40 300 40 200 8 670 8 810
08 (evaporated @ 180°C) mg/L 39 400 39 200 8 610 8 630
Conductivity @ 25°C nS/m 4 890 - 1 260 ¥ 30
Silica »g/L " Y 16 16
Calcium og/L 360 2 280 410 100
Magnesium g/l 268 610 137 76.3
Sodium mg/L 13 200 10 600 21310 2780
Potassium mo/L 958 782 205 264
Iron, tota} mg/L 0.37 0.40 0.08 0.07
Manganese, tota) ng/L 0.1% <0.5 0.05 0.0%
Strontium mg/L 7.0 32 6.8 2.0
Bicarbonate wg/L 88.5 189 39.7 52.5
Carbonate mg/L 0 0 0 0
Kydrox{de ng/L - - - -
Sulfate ng/L 9 100 9 700 1 960 2 000
Chioride /L 16 300 16 100 3 540 3 540
T-alkalinity as CaCO, mg/L n 160 3 L
P-alkalinty as CaCO;  mg/L 0 0 0 °
T-phosphorus as PO, mg/L 2.2 2.0 0.7 0.7
£.F. [T0S(calculated)/cond ) 8.2 - 6.9 6.7
£.F. [T0S(evaporated)/cond.] 8.1 - 6.8 6.6
t Anions meg/L 649.0 657.8 141.0 142.3
£ Cations meq/L 638.5 644.0 140.0 139.0
Control value meq/L +1.03 +1.34 +0.44 +1.43
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MODF

HACKWASH
RACKWASH
RFGFN
RFGFM
REGEN
PEGEN
PEGEN
REGEN
RINSE
RINSF
PINSF
SERVICE
SERVICE
SERVICE
SERVICE
SEAVICE
SERVICF
SERVICE
SEPVICE
SERVICF

WwWwwaww

PROCESS
STREAM

EFFLUYENT
EFFLUENT

EFFLUENTS

TNFLUENT

EFFLUENT“

EFFLIFNTS
EFFLUENT®
EFFLUENTA
EFFLUENT
EFFLUENT
EFFILLUENT
EFFLUENT
INFLUENT
EFFLUENT
INFLUEMNT
EFFLUFNMTY
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE L.03.35

THROUGHPUT
RV

n.on
1.27
2.11
3.15
4.0b
6.05
a.01
9.87
n.00
65
1.30
1.30
3.91
6.52
20.35
21.65
31.83
37.04
41.22
41.22

Ca
MEQ/L

20.71
19,71
20.76
17,96
158,64
106,79
TR, A
57 ,RH
24 .45
20,46
2.74
2.74
°l.71
2.74
22.21
2.99
5,99
J0.73
2?2.71%
14.22

MG
MEQ/L

12.84
12.84
12.84
22.06
72.26
42.14
3n.12
28.15
15.06
14,07

2,01

2.01
10.74

1.26
10.78

1.26
10,53
17.86
11.52
17.86

TH
MEQ/L

33,55
32,55
33.60
40,02
230,95
148,93
108,97
86,03
39,51
34 .53

4,75

4,7%
32.49

4,00
32.99

4,25
16,57
26,59
33,73
32.08

NA
MEQ/L

106.13
103,09
105,70
$74.16
3R0.17
47R 67
517.62
$39.30
2R9,.26
3R0.17
140,50
137.45
106.13
131.36
103.0v
130,06
118,75
l107.00
105.26
105.26

%ample was diluted in the field (1/10). Values reflect undiluted concentrations.

SERVICE PERFORMANCE SUMMARY

CYCLE L.03.35

AVERAGE COMCFENTRATIONSs MEQ/L

INFLUENT

22.04
11.03
33.07
104,83

EFFLUENT

4.99
.5.92
10,91
124,68

DIFFERENCE

17.05
S.11
°2.16
-19.86

REMOVAL
L3

59

RESIN CAPACITY

Eo/sL

hH]
«204
<8RS

T1

MFoWEIGHTED

RESIN CAPACITY

MEQ/L cmrmm

won-2.6 7
w22 o,%/
~sSH 3,50
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CONCENTRARTIONS, MEQ/L
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MAJOR CRTION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.03.35

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE L.03.35

Avg. influent Avg. influent

o Calcium . o Calcium .
o Magnesium concentratlons,ngé/L 280 & 380 & Magnesium congsgfrat1onsézmgq/L
A Total Hardness catt 18.0 A Total Hardness 44 11.0
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SODIUM (NR), CALCIUM (CR)., AND MAGNESIUM (MG) CONCENTRATIONS ARE MERSURED BY ATOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.
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MODE

RFEGEN 1
DRAIN 1
RFEGEN 2
REGEN 3
RINSE

SERVICE

DRAIN 2

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

Ion-Exchange - Run L.04.00

2/17/80
L.04.11

Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine

Target Actual

Fresh regeneration conc. (mg/L TDS-calc.) 40 100
Fresh regeneration conc. (mg/L TDS-evap.) - 39 800
Fresh regeneration fiow rate (L/min) 12.0 12.0
Recycled regenerant flow rate (L/min) 24.0 24.1
Recycled regenerant volume (L) 1 600 1573
Service termination point (meq/L Ca**) 12.0 13.8
Heat exchanger used Yes Yes
Packed bed regeneration mode used Yes Yes

{(i.e., resin hold-down)

Height®™ 1 310mm
Volume = 115.0 L

Chemical Compositions of Tank Waters (Prior to Cycle) L.04.11

pH Conductivity  Ca** Mgt T
Tank units mS/m meq/L meq/L  meg/t

Recycle regenerant (T-5) 7.7 4 600 47.2 37.6 84.8
Spent regenerant (T-6) 7.6 4 700 11.0 75.8 86.8
Lime-softened feed (7-9) 7.2 1 300 21.0 8.8 29.8
Lime-softened feed (T-10) 7.3 1 300 20.6 9.6 30.2
Fresh ED brine (T-28) 6.5 5 150 16.0 24.2 40.2
IX product/ED feed (T-33) 6.4 1 350 3.2 8.6 11.8
Lime-softened feed (clearwell) 7.2 1 300 21.0 8.8 29.8

%The resin bed height at

the end of drain-down after the service mode was used as

the standard resin height in calculating bed expansion.

INPUT ouTPUT

RE REGEN WASTF.
(VENT) WASTF
RE REGEM SP RFGEN

FR REGEM SP RFGEN

FFED WASTF
FEED PRODUCT
(VENT) WASTE

OPERATING CONDITIONS
CYCLE L.04.11

RFN
DURATION THROUGHPUT VOLUME  AVG FLOW RATF  FXPAMSTNN
MINM L BV L/MIN HY/MIN %
10 749 2.17 24,9 «217 39,
2 4l «36 en.7 « 1PN a.0
65 1573 13.68 26,2 «”10 1.
92 1100 9.57 12.0 «104 «A
10 150 1.30 15.0 «130 0.0
189 55670 49.3 30.0 «261 f.0
2 41 « 36 20.7 «1R0 n.0
—_—
379
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Fresh Regenerant Volume Balance

Cycle L.04.11

Fresh Fresh

regenerant regenerant Service ED feed

Run L.04.00 volume (Vi) TDS volume (Vg) TDS R .

—Cycle no..  Date L ma/L L mg/L % Vy/(1-R)Vs
06 2/15/80 1170 - § 540 - 80 1.06
07 2/16/80 1 170 - 5 430 - 80 1.08
08 2/16/80 1176 - 5 480 - 80 1.07
09 2/16/80 1 107 - 5 440 - 80 1.02
10 2/17/80 1100 - 5 810 - 80 0.95
n 2/17/80 1 100 - § 670 - 80 0.97

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.04.11
(A11 samples composites except regenerations influent)
(Analyzed at Boulder City on 3/28/80)

Rince &

e fsent. cteen T lwmmn s, effuent tihhuent
pH units - - 7. - 7.7 7.6 1.9
T0S (caleulated) mg/L 36 300 27 900 40 100 40 100 8 410 15 400 8 640
T0S (evaporated @ 180°C) mg/L 35 100 27 600 39 800 38 900 8 470 15 400 8 500
Conductivity @ 25°C wS/m - - 4 920 - 1230 2190 1290
Silica mg/L 50 40 18 40 4 15 15
Calciwm mg/L 1160 2 140 350 1 200 405 205 60
Magnesium mg/L 537 744 nz 812 125 79.3 91.5
Sodfua mg/L 10 900 6 510 13 200 11 900 2270 4 950 2 740
Potassium mg/L 860 469 1 060 938 205 401 254
Iron, total mg/L 0.40 0.40 0.32 0.40 0.06 0.10 0.05
Manganese, total ng/L «<0.40 =< 0,50 0.09 <{,50 «<0,05 «(.05 «<0.05
Strontium mg/L 26 29 5 22 5.8 3.3 1.3
Bicarbonate mg/L 122 98 97 134 42.7 §7.3 47.6
Carbonate mg/L 0 0 0 0 0 0 0
Hydroxide wg/L - - - - - - -
Sulfate ng/L 7 100 5 620 9 190 9 700 1 990 3 640 1 9%
Chloride mg/L 15 600 12 300 15 900 15 700 3 370 6 070 3 360
T-alkalinity as Cac0, mg/L 100 80 80 no 35 47 39
P-alkalinity as CaCO,  mg/L 0 0 0 e 0 0 )
T-phosphorus as PO, mg/L 0 0.1 2.7 0.1 1.0 1.9 1.5
E.F. [TDS(cllcuhted)/cond.J - - 8.2 - 6.8 1.0 6.7
E.F. [{10S(evaporated)/cond.) - - 8.1 - 6.9 7.0 6.6
t Anions meq/L 588.7 465.6 641.0 647.3 137.0 247.6 139.7
L Cations weq/L 598.0 463.0 645.5 644.0 134.3 242.0 136.0
Control value meq/L -1.01 +0.36 -0.45 +0.33 .21 +1.42 +1.83
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Ca
MG
T+
NA

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

CYCLE L.04.11

PROCESS THAOUGHPUT  CA MG TH
1MONF STREAM RY MEQ/L MEQ/L MF /1L,

RFGEM 1 FEELENT® 0.60 72,84 43.21 116.06
RFREN 1 EFFLUENTE 1,30 134,73 75.31 210.04
QFGFEN 2 EFFLUENTE 2.17 121,76 71.28R 193,03
REGEN 2 INFLUENT 84.69 57.48 46,20 102.08
REGEM P EFFLIENTA 12.06 71.86 44,20 116,05
RFGEM 3 EFFLUENTZ 15.86 63,87 48,23 112.10
REGEMN 3 IMFLUENT 17.10 17.47 2609 43,56
REGEM 3 EFFLUENTS 18.24 75 .85 S4.24 130.09
REREN 3 EFFLUENTE  20.64 63,87 40,16 106,06
REGEN 3 EFFLUENT® 23,04 55,89 34.16 90.04
QFGEM 2 EFFLUENTE 25,44 45,91 30.12 76.02
RINSF EFFLUENMT 0.00 19.46 12.26 31.72
RIMSE EFFLUENT .65 9,23 10,29 19.57
RINSE EFFLUFNT 1.30 2.50 2.26 4.76
SEQVICE EFFLUENT 1.30 2.50 2.26 4,76
SFRVICFE INFLUENT 4.43 ?22.21 11.25 33,4A
SFAVICE EFFLUENT 7.30 2.50 2,01 4,50
SERVICE THFLUENT 23.48 21.71 11.28 32.98
SFRVICE EFFLUENT 264,78 2,99 2.01 5,00
SERVICF EFFLUENT 36,52 3.74 12.02 15.76
SERVICF EFFLUFNT 42.52 7.49 21,320 28,A0b
SERVICE EFFLUENT 48,52 12.23 19.59 31.81
SERVICE INFLUENT 50.61 21.96 11.77 33.73
SEQVICE EFFLUENT 50,61 13.72 19.11 31.43

NA
MEQ/L

217.9?
341,02
339,78
474,12
461,07
4AS 47
KT74,16
513,27
835,02
RARG 46
58A.,76
190,95
AS1.46
137.45
13R, 74
104,39
131.356
103,52
130,63
120.0%
1N7.R7
106 .83
102,22
105.70

Aample was diluted in the field (1/10). Values reflect undiluted concentrations.

Questionable chemical analysis result.

SERVICE PERFORMANCE SUMMARY
CYCLE L.04.11

AVERAGE CONCENTRATIONS. MEQ/L REMOVAL RESIM CAPACITY
INFLUENT EFFLUFNT DIFFERENCE % EQ/L

21.96 4.51 17.45 79 «RED

11.44 7.96 3.48 30 172

33,40 12.47 20.93 63 1.032
103.38 124.07 -20,69
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CONCENTRATIONS, MEQ/L

150 300 350 600

o

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.0u, 11

o Calcium Avg. influent

concentrations, meg/L

o Magnesium Reg 1,2 Reg 3

A Total Hardness catt 57.9 17.5

& Sodium Mgtt 442 26.1
TH 102 43.6
Nat 474 574

{

!

~

14
BED VOLUMES

CA, MG, TH CONCENTRATIONS., MFQ/L

MAJOR CRTION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.04, 11

. Avg. influent
0 Calcium

concentrations, meq/L

191 <? 31 O Magnesium Catt 22.0
A Total Hardness — yg++ 11.4
o Sodium TH 33.4
Na+ 103
o
53:%@\\wk_ %zif
- L0
N =
ir
w_ - Rinse O
~F S
Service
(
m~H —
T 2
- T ! 1 D
0 13 26 39 o2

BED VOLUMES

SODTIUM (NA), CALCIUM (CR), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCTUM RND MAGNESTIUM CONCENTRATIONS.

NA CONCENTRATIONS, MFQ/L



MONF,

RACKWASH
nNRAIY )
RFGFN 3
NRAIN 2
RINSE
SFRVICE

ORAIN 3

Date:
Cycle:

Conditions:

Control variables:

Ion-Exchange - Run L.05.00

2/28/80
1..05.54

Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - fresh ED brine

Source of backwash - IX feedwater

Target Actual
Fresh regeneration conc. (mg/L TDS-calc.) = 937900

Standard resin bed:

Fresh regeneration conc. (mg/L TDS-evap.) - 92 000
Fresh regeneration flow rate (L/min) 24.0 26.0
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meq/L Ca**) 6.0 7.8
Heat exchanger used Yes Yes
Packed bed regeneration mode used No No

Heighfa= 1
Volume = 1

1

(i.e.; resin hold-down)

a4
5.

5 mm
oL

Chemical Compositions of Tank Waters (Prior to Cycle) L.05.54

Tank

Recycle regenerant (7-5)

Spent regenerant (T-6)

Lime-softened feed (T-9)

pH

ca++

Lime-softened feed (T-10)

Fresh ED brine (T-28)

Conductivity Mg+t TH
units mS/m mea/L meq/L meq/L
7.2 7 150 63.0 94.0 157.0
7.2 1 400 23.2 8.0 3.2
7.3 1 400 21.0 9.8 30.8
6.5 9 700 24.8 28.8 53.6
6.5 1 410 3.6 3.6 7.2

IX product/ED feed (T-33)

Lime-softened feed (clearwell) . . 31.
%The resin bed height at the end of drain-down after regeneration with fre§h ED
brine was used as the standard resin bed height in calculating bed expansion.

INPUT

FEED
(VENT)
FR REGEN
(VENT)
FFED
FEED

(VENT)

QUTPUT

WASTE
WASTE
SP REGEN
VASTE
WASTF
PRODNCT

WASTE

OPERATING CONDITIONS

7.8

1 400

CYCLE L.05.54

21.4

9.8

agn
NURATION  THROUGHPUT VOLUMF AVG FLOW RATF FXPAMSINN
MIN L RV L/MIN  HV/MIN %
10 240 2.09 24.0 .09 20.
3 62 .54 20,7 .1R0 0.0
A 200 1.76 26,0 276 3n,
2 41 « 36 en.7 «1R0 0,0
20 300 2.61 15,0 130 0.0
73 2190 19.0 30,0 .261 0.0
2 o1 .36 20.7  «1R0 0.0
ne
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Fresh Regenerant Volume Balance

Cycle L.05.54

Fresh Fresh
regenerant regenerant Service ED feed
Run L.05.00 volume (V3) TDS volume (Vg) TDS R
Cycle no. Date L mg/L L mg/L X V3/(1-R)Vs
33 2/25/80 600 100 820 3 840 9 290 90 1.56
34 2/25/80 597 100 820 3420 9 290 90 1.76
35 2/26/80 600 - 3 970 - 90 1.91
36 2/26/80 600 - - 3430 - 90 1.75
37 2/26/80 350 - 2 940 - 90 1.19
38 2/26/80 359 - 3 780 - 90 0.95
39 2/26/80 359 - 2 910 - 90 1.23
40 2/26/80 353 - 2 740 - 90 1.29
41 2/26/80 350 - 2 790 - 90 1.25
42 2/26/80 350 - 2 570 - 90 1.36
43 2/27/80 350 - 2 570 - 90 1.36
44 2/27/80 350 - 2 560 - 90 1.37
45 2/27/80 240 - 2 430 - 90 0.99
46 2/27/80 241 - 2 250 - 90 1.07
47 2/27/80 239 - 2 200 - 90 1.09
48 2/27/80 236 - 2 160 - 90 1.09
49 2/27/80 234 - 2 300 - 90 1.02
50 2/28/80 202 - 2 100 - 90 0.96
51 2/28/80 205 - 2 140 - 90 0.96
52 2/28/80 199 - 1 920 - 90 1.04
53 2/28/80 199 - 1 920 - 90 1.04
54 2/28/80 200 - 2 190 - 90 0.91

Influent and Effluent Compositions during IX Regeneration and Service - Cycle L.05.54
(A11 samples composites except regeneration influent)
(Analyzed at Boulder City on 3/28/80)

Rinee &

tnits Tl s fotlsont Sirloent

oH units 7.3 - 7.8 1.5
T08 (calculated) mg/L 94 900 54 100 8 560 8 680
T0S (evaporated @ 180°C) mg/L 92 000 §3 200 8 550 8 660
Conductivity @ 25°C aS/m 9 340 - 1 260 1 320
Silica mg/L 25 0 n 14
Calcim mg/L 490 3 900 420 0.0
Magnesium mng/L 366 1 1% M 39.7
Sodfum mg/L 30 600 12 900 2 390 2 920
Potassium mg/L 1 880 1080 s 244
Iron, total mg/L 0.68 0.60 0.05 0.07
Hangancse, total mg/L 0.21 «<0.05 «<0.05 <0.05
Strontium mg/L 6.3 50 6.5 1.0
Bicarbonate mg/L 82.4 N 43.3 43.3
Carbonate mg/L 0 0 0 0
Hydroxide mg/L - - - -
Sulfate mg/L 25 600 13 200 1 940 1 940
Chloride mg/L 35 900 2} 300 3440 3430
T-alkalinity as CaC0, mg/L 68 80 38 36
P-alkalinity as CaC0, ng/L 0 0 0 0
T-phosphorys as POy mng/L 1.2 1.0 0.8 0.9
E.f. [T08{calculated)/cond ] 10.2 - 6.0 6.6
E.F. (f0S(evaporated)/cond.] 9.9 - 6.8 6.6

T Anions meq/L 1 481.0 857.2 18.2 137.8
T Cations meq/L 1 435.0 882.5 66 141.3 140.5

Control value meq/L +1.99 -1.89 1% -1.20



CA
ns
TH
MA

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY

MONF,

BRACKWASH
RACKMASH
PFGFM
REGEM
RFGFN
REGREM
REGFN
PEGEM
R INSF.
RINSE
QINSF
SERVICF
SFRVICE
SERVICF
SERVICF
SFAVICE
SERPVICE
SERVICE
SEPVICE
SERVICE
SERVICE

Ww Wi ww

zSample was diluted in the field (1/10).

PROCESS
STRFAM i

EFFLIENT
EFFLUFNT
EFFLUFMT
INFLURNT
EFFLUENT?
EFFLUENTE
EFFLUENTSZ
EFFLUENT®
EFFLUENT
FFFLUENT
EFFLUENT
EFFLUENT
IMFLHUENT
EFFLUENT
INFLUEMT
EFFLURENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUFNT

CYCLE L.05.54

THROUGHPUT
23"

0,00
1.75
2.09
7.31
253
2.75
2498
3.67
N.00
1.30
2.61
2.61
8.09
9.13
10,17
11.22
15.65
17.74
19,43
21.65
21.65

ca
MEQ /L

?7.45
18,71
142,22
24,65
197.11
?2h]1,98
N6, 37
182,18
39,42
20,96

4,74

4,74
?22.21

21.96
7.73

MG TH
MEQ/L MEO/L
1A.79 44 24
12.02 30,73
T7.86 220,04
3n.12 54,57

100,41 ?297.52

175.93 au7.20

128,40 462,77
77.85 240,04
R3.13 123.05%
12.59 33.5%

3.01 T.7%
3.01 T.7%
10,78 32.99
251 4,76
11.28 33,48
2.77 T7.51
3.01 5.51
3.77 6,26
3.77 9.51
10.74 32,74
B8.56 16,29

MA
MEQ/L

133,97
11/A.57
408,34y
1331.01
835,02
639,41
A13.40
739,45
1135.28
271.42
134,44
134.41
102,27
127 .44
101,35
126,14
123.97
122,73
118.75
100,48
117.01

Values reflect undiluted concentrations.
Inconsistent, apparently erroneous chemical analyses, deleted from calculation.

SERVICE PERFORMANCE SUMMARY

CYCLE L.05.54

AVERAGE CONCENTRATIONS, MEG/L

INFLUENT

?72.12
10.95
33.07
101.35

EFFLUFNT

3.38

3.28

6.67
125.95

DIFFEREMNCE

18.74
T.66h

25.58
-24.60

RFMOVAL
%

85
70
77

67

RESIM CAPACITY
EQ/L

.34
146
.487

ATOMIC ABSORPTION

TTME=-WFETGHTED
RESIN CAPACITY
BAFQ/L * ks

A 2.89
e L2
AR, P
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CONCENTRATIONS., MFQ/L

225 150 675 300

o

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE L.05,5uU
Avg. influent

o Ca]c1uw concentrations, meq/L
O Magnesium Re
A Total Hardness Catt 24.4
o Sodium Mgt 30.1
TH 54.6
_ Na* 1331
BW + Reg
i T T l T
0 1 2 3 U

BED VOLUMES
SODIUM (NA), CALCIUM (CRA),

CR. MG- TH CONCENTRATIONS, MEQ/L

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.05.5U

o Calcium Avg. influent

concentrations, meq/L

1135 2
123 02l o Magnesium

83.1 ATotal Hardness ++
3.9%A33.6 o Sodium ¥ﬂ

021.0 +
o < Na 101
N

/'_ Rinse

F Service

1]

Catt 22.1
11.0
33.0

12 18

BED VOLUMES

0 6

AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY RTOMIC RBSORPTION.

TQTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.

2u

NR CONCENTRATIONS., MFQ/L



MODE

RFGEN 1
QFEGEN 2
REGEN 3
DRAIN 1
RINSE

SERVICE

DRAIN 72

Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

Ion-Exchange - Run L.10.00

3/8/80
L.10.14

Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Fresh regeneration conc. (mg/L TDS-calc.) - 94000~

Fresh regeneration conc. {mg/L TDS-evap.) - 93 400
Fresh regeneration flow rate (L/min) 24.0 23.7
Recycled regenerant flow rate (L/min) 24.0 23.2
Recycled regenerant volume (L) 1600 1 59
Service termination point (meg/L Catt) 6.0 8.2
Heat exchanger used Yes Yes
Packed bed regeneration mode used No No

(i.e., resin hold-down)

Heigh?®

=1 320 mm
Volume = 115.0 L

Chemical Compositions of Tank Waters (Prior to Cycle) L.10.14

pH Conductivity  Ca*t Mgt TH

Tank units mS/m meq/L meq/L meq/L
Recycle regenerant (T-5) 7.6 8 100 45.0 93.0 138.0
Spent regenerant (T-6) 7.5 8 210 44.0 91.0 135.0
Lime-softened feed (T-9) 7.3 1 250 21.6 8.2 29.8
Lime-softened feed (7-10) 7.4 1 290 23.8 9.2 33.0
Fresh ED brine (T-28) 6.5 9 910 23.2 29.6 52.8
IX product/ED feed (T-33) 6.0 1 250 1.3 2.5 3.8
Lime-softened feed (clearwell) 7.4 1220 21.0 9.4 30.4

2The resin bed height at the end of drain-down after regeneration_with fresh .
regenerant was used as the standard resin bed height in calculating bed expansion.

TMPUT

RE REGEN
RE REGEN
FR REGEN
(VENT)
FEED
FEED

(VENT)

OUTPUT

WASTE
SP RFGEN
SP RFGEN
WASTE
WASTE
PRODICT

WASTE

OPERATING CONDITIONS
CYCLE L.10.14

DURATION THROUGHPUT VOLUME AVG FLOW RATE FX92:ZION
MIN L Bv L/MIN  BY/MIN %
10 250 2.17 25.0 217 42,
69 1594 13.9 23.1 o201 42,0
22 522 4454 23.6 « 205 42,
3 62 54 20.7 «180 0,0
15 220 1.91 14,7 +128 0,0
1R7 5610 48,8 30.0 o261 0.0
2 41 «36 20.7 «180 0.0
30¢
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TEMPERATURE
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Fresh Regenerant Volume Balance

Cycle L.10.14

Fresh Fresh

L.10.00 re?enerant regenerant Sn]ervic?v ) E?Dgeed R

R -10. volume (V TDS volume

ugxcle no. Date UL (Va) mg/L L s mg/l % Ya/(1-R)Vs.
02 3/4/80 501 - 5130 - 90 0.98
03 3/4/80 499 - 4 950 - 90 1.01
04 3/4/80 504 - 5 190 - 90 0.97
05 3/5/80 499 - 5 480 - 90 0.91
06 3/5/80 499 - 5 490 - 90 0.91
08 3/6/80 602 - 5 550 - 90 1.08
Q9 3/6/80 601 - 5 300 - 90 1.13
10 3/6/80 601 - 5 560 - 90 1.08
n 3/7/80 599 - 5 370 - 90 1.12
12 3/7/80 522 - 5 670 - 90 0.92
13 3/8/80 522 - 5 500 - 90 0.95
14 3/8/80 522 - 5 610 - S0 0.93

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.10.14
(A11 samples composites except regenerations influent)
(Analyzed at Boulder City on 3/31/80)

Rinse &

Units nfluent ©  effwent  erfaent oMl b S

PH units - - - 7.2 - 7.6 7.5
TOS (calculated) mg/L 71 200 52 300 69 400 94 000 88 400 8 670 8 930
T0S (evaporated @ 180°C) mg/L 69 000 §2 500 68 500 93 400 86 800 8 550 8 o
Conductivity @ 25°C mS/m - - - 9 460 - 1 240 1320
Silica mg/L 40 40 40 0 40 13 13
Calcium mg/l 1100 3 680 2 150 330 1 200 435 35.0
Magnesium mg/L 1280 1490 1 340 549 1070 128 58.0
Sodium mg/L 22 800 12 500 20 500 32 100 28 400 2 370 2 970
Potassium mg/L 1470 938 137 2 250 2 050 215 293
Iron, total mg/L 0.7 0.5 0.6 0.68 0.4 0.06 0.05
Manganese, total mg/L <0.5 <0.05 <0.05 0.28 <0.04 <0.04 «<0.04
Strontium mg/L 30 50 43 3.4 40 3.0 0.4
Bicarbonate mg/L 134.0 110.0 122.0 131.0 140.0 47.0 46.4
Carbonate mg/L 0 0 0 0 0 0 0
Hydroxide mg/L 0 0 1] 0 0 0 0
Sulfate mg/L 12 100 9 310 11 900 <2 600 20 300 1970 2 000
Chioride mg/L 32 300 24 200 32 000 36 100 35 200 3 510 3 540
T-alkalinity as CaCO, mg/L. 110 90 100 107 120 39 38
P-alkalinity as CaCO, mg/L 0 0 0 (4 0 0 0
T-phosphorus as PO, mg/L 0 0. [} 0.1 0 0.5 0.6
£.F. [105(calcutated)/cond,) - - - 2.9 - 7.0 6.8
€.F. [I0S{evaporated)/cond.) - . - 9.9 - 6.9 6.6

% Anions meg/L 1 1s.0 877.5 1.150.0 1490.0 T 47.0 140.5 142.2
¢ Catians meq/L 1190.0 874.0 11450 15140 14350 140.8 143.0
Control value meq/L -1.32 +0.26 ~0.26 -1.03 -0.82 -0.13 «0.35
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CA
MG
TH
Na

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MODE

PEGEN
RE GEN
REGEM
REGEN
REGEM
PEGEN
REGEN
REGEN
REGEN
REGEN
REGEN
RINSE
RINSE
RIMSE
SERVICE
SERVICE
SERVICE
SERVICE
SERV[CE
SERVICE
SERVICE
SERVICE
SERVICE

WW W W W VNN -

%sample was diluted in the field (1/10).

PROCESS THROUGHPUT
STREAM By
EFFLUENTE 0.n0
EFFLUEHT% 1.30
EFFLUENT 2.17
INFLUENT S.60
FFFLUENTZ 9.02
EFFLUENTE  16.06
IMFLUENT 1A .68
EFFLUENTZ 17.30
EFFLUENT®  18.33
EFFLUENTE 19,57
EFFLUENT®  20.60
EFFLUENT 0.00
EFFLUENT 1.02
EFFLUENT 1.91
EFFLUENT 1.91
IMFLUENT 5.064
EFFLUENT 8.17
INFLUENT 24,87
EFFLUENT 26.43
EFFLUENT 38.70
EFFLUENT 46,70
INFLUENT 50,70
EFFLUENT 50.70

CYCLE L.10.14

Ca
MEQ/L

144.71
274 .55
205,09
54,89
T9.H4
64,87
16,47
66,47
59.84
57.39
47,41
264,95
7.73
1.25
1.25
21.96
e”l
21.96
.19
1.25
2.50
22.46
8023

MG
MEQ/L

100,41
145,64
143.21
105.35
102.868
102.88
45,19
105,35
77.%6
72.864
62.H0
49,22
12.02
1.26
1.51
10.53
1.26
10,53
1'00
4,02
16.54
11,03
21.07

™
MEQ/L

245,12
370.23
348,30
160,24
182.72
167,75
61,65
170,22
137,74
130.22
110,20
74,17
19,75
2.51
2.75
32.49
1,47
32.49
1.19
5.26
19,04
33,48
29.30

NA
MEQ/L

377.5¢6
674,21
743,40
991,74
Q935.1Y
952,59
1396.20
1217.92
1265.77
1300.57
1365.61
1352,.76
508,92
145.2H
162,67
101.35
132,23
101.76
127.01
124 .84
115,70
100.91
105.26

Values reflect undiluted concentrations.

SERVICE PERFORMANCE SUMMARY

CYCLE L.10.14

AVERAGE CONCENTRATIONSs MEQ/L

IMFLUENT

22.12
10.70
32.82
101.35

EFFLUENT

le24
4.81
6,08
126,19

DIFFERENCE

20.88
S.49
26477
-24 .84

REMOVAL
%

94

55
82

71

RESIN CAPACITY

EQ/L

1.019
« 287
1.306

TIME~WEIGHTED
RESIN CAPACITY

o2 ¥.2/
r*l&"%"’
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CONCENTRRTIONS, MEGR/L
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MRJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

o Calcium Avg. influent 1353 o Calcium concentrations, meq/L
O Magnesium concentrations, meg/L ?0509 O Magnesium Ca™' 22.1
A Total hardness 74.2 N\ Total hardness M9++ 10.7
. Catt 54.9 16.5 . o Sodium TH 32.8
© Sodium Mgtt 105 45.2 49.2 Nat 101
TH 160 61.6
Nat 992 1396 N <£> o
___] v
S~
o]
L
>
. 1} O
—— U) :N-—— i Busind
cz:) Al l Service (‘-\J
tj \\\\“‘-‘ Rinse
« A
oz
l,~.
— Z (D _ O
Wy 00}
Q)
=z
o
Req’_ Reg 2 ‘f‘Reg 3 ‘l
! =
g . -
— . o ™
A da]
S
L =2
| GJ\A‘A\A G:k
(- ¥ —fly
1 1 [ i 1 © l T I o
0 §) 12 18 2u 0 13 26 39 52
BED VOLUMES BED VOLUMES

SODIUM (NR), CALCIUM (CR), AND MAGNESIUM (MG) CONCENTRATIONS ARE MERSURED BY RTOMIC ABSORPTION.
TOTAL. HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.

NR CONCENTRATIONS, MEQ/L



MODE

RFEGFN 1
DRAIN 1
REGEN 2
RFEGEN 3
RINSF

SERVICE

DRAIN 2

Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

Ion-Exchange - Run L.12.00

3/14/80
L.12.22
Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine

Target Actual
Fresh regeneration conc. {mg/L TDS-calc.) - -
Fresh regeneration conc. (mg/L T0S-evap.) - 92 800
Fresh regeneration flow rate (L/min) 24.0 23.7
Recycled regenerant flow rate (L/min) 24,0 23.8
Recycled regenerant volume (L) 1600 1610
Service termination point (meq/L Cat*) 6.0 7.8
Heat exchanger used Yes Yes
Packed bed regeneration mode used Yes Yes

(i.e., resin hold-down)

Chemical Compositions of Tank Waters (Prior to Cycle) L.12.22

Tank

Recycle regenerant {T-5)

Spent regenerant (7-6)

Lime-softened feed (T-9)

Lime-softened feed (T-10)

Fresh ED brine (T-28)

IX product/ED feed (T-33)

Lime-softened feed {clearwell) .
%The resin bed height at the end of drain-down after Regen 1 was used as the
standard resin bed height in calculating bed expansion.

INPUT

RF REGEN
(VENT)
RE REGEN
FR REGEN
FEED
FEED

(VENT)

OUTPIIT

WASTF
WASTF
SP RFGEN
SP REGEN
WASTF
PRODIICT

WASTF.

OPERATING CONDITIONS

pH Conductivity  Ca** Mg**
units mS/m meq/L meq/L
7.4 8 800 43.0 90.0
7.3 8 800 43.0 89.0
7.2 1 380 21.4 10.0
6.9 1 390 20.6 10.6
6.6 9 920 13.2 43.6
6.5 1 490 1.2 5.0
1.2 1 380 21.0 10.0

CYCLE L.12.22

DURATION
MIN
10
2
63
25
10

201

38

THROUGHPIIT VOLUME

L

230
63
1610

601

5030

41

Hv

2.00
55

14,00

73

AVvG FLOW RATE

L/MIN

23,0
31,6
23,8

23.7

Hy /M1

« 200
275
207
«70A
«130
« 251

180

TH
meq/L

133.0
132.0
3.4
n.z
$6.8
6.2

RED
FXPANSTON
%

41.
NN
-1,

6.8

TEMPERATURE
(o

2l.6

?6.0

25.0



Fresh Regenerant Volume Balance

Cycle L.12.22

Fresh Fresh
regenerant regenerant Service ED feed
Run L.12.00 volume (Vs) TDS volume (V) T0S R
Cycle no. Date L ma/L L mg/L % V3/(Q-R)Vg
16 3/12/80 599 - 5 790 - 90 1.03
17 3/12/80 594 - 5 380 - 90 1.10
18 3/13/80 595 - 5 880 - 90 1.01
19 3/13/80 598 - 5 800 - 90 1.03
20 3/13/80 597 - 5 760 - 90 1.04
A 3/14/80 599 - 5 640 - 90 1.06
22 3/14/80 601 - 6 030 - 90 1.00

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.12.22
(A11 samples composites except regenerations influent)
(Analysis conducted at Denver on 5/1/80)

Rinse and
Regen 1, 2 Regen 1 Regen 2 ]_n_jﬂﬂ_%n_[ service Serivce
infiuent effiuent effluent nfluent EfTTuen influent effluent

[ units -~ - - 6.4 . N 8.0 7.4

05 {calculated) wg/L 76 220 2 770 72 720 101020 8520 8640 8 210

T0S (evaporated @105°C) mgs 76 100 53 000 75 200 92 800 89 300 8 570 8 730
Conductivity @ 25°C as/a " - - 9 220 1270 1270
Stlica m/L  10.0 8.0 6.0 7.8 10.0 8.0 8.0
Calcium ng/L 830 3520 2 080 304 960 aus 32.0
Magnesium gL 1090 1370 1 070 498 &3 137 19.5
Sodlum mg/L 24 500 12 %00 21 800 35 300 26 500 2310 20
Potassium mg/l 1660 959 1 630 2 340 2 100 217 266
Iron, total /L 0.7 0.4 0.4 0.36 0.3 0.12 0.03
Manganese, total m/L Ko L] 0 0.06 N 0.0l L1
Strontius mg/L 368 42.2 4.6 1.8 3.8 4.9 0.2
Bicarbonate /L 793 o 14 68.9 79.3 46.4 40.3
Carbonate m/L 0 0 [] [ ] 0 [] 0
Hydroxide ng/L - - - - - - -
Sulfate m/L 12 800 10 000 12 900 27 s00 2 000 2 050 2150
Chloride m/t 35 200 23 900 33 100 35 000 24 900 3450 3 380
T-alkalinity as CaCo, ng/t - - - - - - -
P-alkalinity as CaCOy ng/L - - - - - - -
T-phosphorus as PO, /L . - - - - - -
E.F. [os(calculated)/cond. ] - - - 1.0 - 6.8 6.5
E.F. {{0S(evaporated)/cond ] - - . 10.1 - 5.7 6.9
T Anfons meq/t 1 260.30 882.80 1202,20 1 559.13 1400.30 140.96 140.66
t Cations neq/l 1 236.20 866.50 1183.60 1 655.80 1 307.70 138.55 .00
Contro) value el 412 BT 0.9 -39 .25 eL0S +13.0%

%questionable chemical analyses, inconsistent with values on following page
and in other IX runs.
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MG
TH
NA

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

“ONF

FFGFN
PFGFY
RCGEN
FEGEN
PEGEM
RFRFN
REGEN
RFGEN
REGEN
REGEMN
RFGEN
PIMSE
RIMSFK
PIMSF
SFRVICF
SERVICF
SFRVICE
SFoVICE
SFavicH
SERVICE
SFPVICF
SEQVICE
SERVICE
SERVICE

Wl W WD N VN

PRNCFESS
STREFAM

EFFLUFNTE
FFFLIENT®
EFFLUENTE
THFLUENT

EFFLIENTA
EFFLUENT®
IMFLUENT

EFFLUENTS
FFFLUENTE

EFFLUENTS

FFFLYFnTE
FFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
IMFILUENT
EFFILIFENT
INFLUFNT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

THROUGHPUT

(Y

n.00
102"
2.00
S.52
9.0%
16.10
1~.71
17.33
18.67
19.60
21.45
0.00
.65
1.30
1.30
4.43
T.57
25.04
26,359
38.u7
4%5.13
51.39
53.74
53.74

ce
MEQ /L

15,97
239,52
200,69

43,91

59,48

47,60

19,17

47,90

29,42

31.94

31.%94

25,85

3i.94

R0
1.20
20,76
«A0
20.76
.90
+A0
2,40
5,59
20.1%
7,78

CYCLE L.12.22

v6G
MFG /L

15.57
143.37
143,37

R3,71

95,64

9% .64

40 .99

79,67

63.70

55,80

S8R0

43,79

25.80

1.56
8z

13,91

3.54
11.93
1.948
2.50

15.14

25.51

13.A3

26409

TH
MEQ/L

31,94
3E2.90
343.97
133.67
185,82
143,64

56.1¢
127.57
103.67

BT.74

BT7.74

69,33

87.76

2.30
2.0?
34.67
4,36
32.6%
2.717
3.50

17,54

31,10

33.99

33.87

MaA
MFQ/L

4nn,.l17
900 .39
100,43
1065.68
122n.53
1740 .54

183%.45

1500,.6%
1800.6%
1560 ,63
184N ,67
1000,63
1240,.54
190.08
190,09
172.05
160.07
114,05
159.07
150,07
138,06
122.05
120,08
120,05

aSamp]e was difuted in the field (1/10). Values reflect undiluted concentrations.

AVERAGE COMCENTRATIONS. MEQ/L
DIFFERENMCE

THNFLUENT |

20,56
13.72°2
33,78
120.05

EFFLUENT

1.5A
6.47
A,n03
150.44

SERVICE PERFORMANCE SUMMARY

15.00
6,75
25.75
-30.39

CYCLE L.12.22

REMOVAL

75

RESIN CaPaClTy

EG/L

« 354
1.350

TIMF=4FIGHTFD

REST™ CaPACITY

e FN/L vwetn
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CONCENTRATIONS, MEGR/L

MRJOR LHTION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE L.12.22

o Calcium

Avg. influent

concentrations, meqg/L

O Magnesium Reg 1,2 Reg 3
ATotal Hardness Catt 43.9 15.2
. Mgt+ 89.7 41.0
© Sodium TH 134 56.2
Eg Nat 1066 1535
8~
-
=)
D_ v
Q]
-{
O
D-.-
(0 0]
o ‘l‘ Reg 2 -+ Reg 3 -
c3~—0R‘. 1
=H A
o= T T ]
0 12 18 2u

BED VOLUMES

CA- MG- TH CONCENTRRTIONS, MFQ/L

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.12.22

1247 ©Calcium Avg. influent

concentrations, meq/L

1000<f> ! oMagnesium

++
69.3 7.7 ATotal Hardness ISISH igg
55.8 € Sodium TH 33.8
43.8 Na+ 120
w
™

Service

18
{

8
|

BED VOLUMES

SODIUM (NR), CRLCIUM (CR), SND MAGNESIUM (MG) CONCENTRATIONS ARE MERSURED BY RTOMIC RBSORPTION,
{OTAL HARONESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRRTIONS,

NA CONCENTRARTIONS, MEQ/L



MODF

EFGEN 1
npATM )
PEGFEN 2
PFEFN R
RIMSF

SFPVICE

DRAIN 2

Date:
Cycle:

Conditions:

Control variables:

Ion-Exchange - Run L.17.00

3/18/80
L.17.17
Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh £D brine
Jarget Actual
Fresh regeneration conc. (mg/L TDS-calc.) - 88 290
Fresh regeneration conc. (mg/L TDS-evap.) 93 300
Fresh regeneration flow rate {L/min) 36.0 34.4
Recycled regenerant flow rate (L/min) 36.0 32.2
Recycled regenerant volume (L) 1 600 1 602
Service termination point (meq/L Ca++) 6.0 8.0
Heat exchanger used Yes Yes
Packed bed regeneration mode used Yes Yes
ein h

{3 a ra
(1.8, TEsiy

Standard resin

bed:

Height™= 1 340 mm

Volume =

115.0L

Chemical Compositions of Tank Waters (Prior to Cycle) L.17.17

Tank

Recycle regenerant (T-5)

Spent regenera

Lime-softened feed (T-9)
Lime-softened feed (T-10)

nt (T-6)

Fresh ED brine (T-28)

IX product/ED feed (7-33)

Lime-softened feed (clearwell)

Conductivity  Ca*t Mgt TH
units mS/m meq/L meq/L mea/L
7.3 9 000 42.0 87.0 129.0
7.2 8 890 41.0 86.0 127.0
7.2 1 350 21.4 10.4 31.8
6.8 1 370 21.2 10.2 31.4
6.5 9 700 12.4 18.2 30.6
6.4 1 480 0.8 5.8 6.6
7.2 1 350 21.4 10.2 3.6

AThe resin bed height at the end of the drain-down after Regen 1 was used as the
standard resin bed height in calculating bed expansion.

OPERATING CONDITIONS

INPUT

RE HFGEN
(VENT)
RE PEGFN
FP KEGEN
FEED
FFED

(VENT)

ouTENT

WASTFE
WASTF
SP REGEN
SP REGEN
WASTF
WASTF

WASTE

CYCLE L.17.17

DURATION
MM
1n
2
50
16
20

196

2%

THROUGHPUT VOL U

L

241
A3
1607
a51
300

SAHEN

30

77

By

AvG FLOW RATE

L/ZMIN  RVY/MIHN

33.6

210
«?75
«2R0
«292
130
« P61

«130

RED
FYPANSTAN
%

TFEMPERATURE
C

21.3

26.1

5.7



Fresh Regenerant Volume Balance

Cycle L.17.17

Fresh Fresh
regenerant regenerant S$rv1'c1(ev ) E_?Dgeed R
volume (V S volume
Rugyc'i'e]z\'oqo Date ! |_e (Va) l.:;g/L L s mg/L % Vi/(1-R)Vg

06 3/15/80 600 - 5 780 - 40 1.04
07 3/15/80 598 - 5 580 - 90 1.07
08 3/16/80 598 - 5 550 - 90 1.08
09 3/16/80 598 - 5 610 - 90 1.07
10 3/16/80 600 - 5 510 - 90 1.09
11 3/16/80 599 - 5 520 - 90 1.09
12 3/17/80 600 96 040 5 320 9 080 90 1.13
13 3/17/80 579 96 040 5 700 9 080 90 1.02
14 3/17/80 552 96 040 5 630 9 080 90 0.98
15 3/17/80 550 96 040 5 830 9 080 90 0.94
16 3/18/80 553 - 5 580 - 90 0.99
17 3/18/80 551 - 5 880 - 90 0.94

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.17.17
(A11 samples composites except regenerations influent)
(Analysis conducted at Denver on 5/16/8), reanalysis received on 10/9/80)

Rinse and

Regen 1, 2 ieqen 1 Regen 2 &egg!% service Service
influent efyluent effluent  Infiuent fluent inflyent effluent
PH units - - - 7.5 - 1.3 7.2
T0§ (calculated) mg/L 79 140 $3 310 79 180 88 290 91 %00 8 070a 8 720
T0S (evaporated @ 105°C) mg/L 80 400 §9 70 78 900 93 300 90 500 8 740 8 650
Conductivity @ 25°C oS/m - - - 8 800 - 1160 1270
Silica =g/l 10.0 10.0 10.0 1.2 10.0 7.0 6.8
Calcium mg/L 800 2640 2 100 288 800 “g 4.0
Hagnesium mg/L 1070 143 1150 634 878 127 st.9
Sodium my/L 25 800 1% 600 25 100 29 200 a 30 900 2 220 2 940
Potassium mg/L 1920 1 010 1810 2 680 2 380 aw n
Iron, total mg/L N0 2.3 0.5 0.32 0.3 0.05 0.03
Manganese, total ng/L 0.1 Ho D 0.08 ND ND ND
Strontium /L 37.4 80.7 4s.7 1.95 36.2 5.43 0.26
8icarbonate my/L 140 114 no 78.1 134 43.9 40.9
Carbonate mg/L [] [ 0 [ 0 ] 0
Hydroxide ng/L - - - - - - -
Sulfate wg/L 14 700 120 14 700 20 000“‘ 20 900 1 730a 2 060
Chioride wg/L 34 700 % 3IN 34 200 35 400 35 900 320 3 290
T-alkalinity as CaC0, wg/L - - - - - - -
P-alkalinity as CaCly  mg/L - - - - - - -
T-phosphorus as PO, mg/L - - - - - - -
E.F. [05( carcutated)/cond.} - - - 10.0 - 1.2 5.9
E.F. [[oS(evaporated)/cond] - - - 10.6 ~ 7.5 6.8
T Anions meq/L 1 287,30 966,90 1270.80 1 413.28 1 448,20 128,72 136.17
£ Cations meq/L 1.297.10 17022.90 1 335.70  1404.90 1 512,90 135.15 143,67
Control value meq/L -0.49 -3.N <3.28 +0.38 -2.87 3,06 -3.38

*questionable chemical analysis result.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION
CYCLE L.17.17

PROCESS THROUGHPUT  CA MG TH NA
MODF STREAHM 1" MEQ/L MEQ/L MEQ/L MED/L
REGEM 1 EFFLUENT® 0.00 15.97 39,51 55,47 150,07
REGEN 1 EFFLUENT® 1.26 239,52 316,05 555,57 800.35
REGEN 2 EFFLUENT® 2.10 239.52  237.04 476.56 onn.39
REGEN 2 INFLUENT®  6.02 39,92 88,07 127.99 1122.23
REGFN 2 EFFLUENTE 9,38 11,980 15,8 27.7eb  11e0.%0
REGEN 3 EFFLUENTE 16,10 5,190 11.85b 17.06P  1170.48
REGFN 3 INFLUENT 16.70 14,37 572,18 66,55 1270.12
OFEGEN 3 EFFLUENTE 17,30 7.94b 15.800  23,7¢b  1350.59
REGEN 3 EFFLUENT®  1R.50 3.99b 19,75b 23,750 1400.61
REGEN 3 EFFLUENTE 21,19 7.98b 15,800 23,79 1500, 65
RINGF EFFLUENT 0.00 15.97 39.51 55,47 £45,26
RINSE EFFLUENT 1.30 RO JAZ 1.62 180 .08
RINSE EFFLUENT 2.61 .80 1.15 1.95 140,06
SERVICE EFFLUENT Z2.61 «80 1.56 2.3% lan,lioc
SERVICE INFLUENTC §.74 23,95 47.41b 71,36 150.070
SERVICE EFFLUENT 8,87 W40 1.15 1.55 145,06
SERVICE INFLUENTS 23,48 23,95 19.75b 43.71 110.05
SERVICE EFFLUENT 26,78 .80 1.56 2,36 140.06
SERVICE EFFLUENT 43,57 7.98 15.09 z7.08 115.05
SERVICE EFFLUENT 52.17 15.97(5.4)%23.70 39.67 110,05
SERVICE INFLUENT® 53,74 47.90 15.2p0 63.71 240,109
SERVICE EFFLUENT 53,74 7.98 43.46 51,04 110.05

gSample was diluted in the field (1/10).
Questionable chemical analysis resuit.
CThere appears a discre
dsamples.

A reanalysis was unable to be condu
Concentration obtained at LVSTS using titrame

Values reflect undiluted concentrations.

SERVICE PERFORMANCE SUMMARY®

pancy of the reported concentrations for the service influent

cted due to the samples having been discarded.
tric method.

CYCLE L.17.17

TIMEWFIGHTEN

AVERAGE COCENTRATINNSs MEQ/L PFMOVAL RESIM CAPACTTY RESIN CAPACITY

THFEL UENT EFFLUFMT DIFFERENCF % En/L & MWEV/L ot
ca 31.94(22.36) 4.241.20) 27.68(2].16) R7(95) e re-{3-082) A34318) 3.6€
»a 27.65(10.45) 9.01(7.56) 12.64(2 g9) 67(28) EE318) 5236581 » . £
™ 59.59(32.81) 13.27(8.76) 45+32(24.05) 71(73) 2.368 (1,230) rS431TY .16
Na 166.74(96.96)1 31+00(7127.83) 35.74(-30.87)

@ i i i i ffluent concentrations, and the
e time-weighted average service influent and e . 3 .
lgrresponding resin capacities are in question due to discrepancies of ;he concentrations
of the individual samples. The values in pargn;hese were calculated using the
composite samples rather than summing the individual samples.
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CONCENTRRYIONS, MEQ/L

100 800 1200 1600

0

MARJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.17.17

o Calcium Avg. influent

concentrations, meq/L

O Magnesium Reg 1,2 Reg 3

A Total Hardness Catt 39.9 14.4
© Sodium Mg*+  88.1  52.2
TH 128 66.6
Nat 1122 1270
+ Reg 2 T Reg 3
ORe 1
f
| l
0 6 12 18

BED VOLUMES

24

MAJOR CATIUN LONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.17.17

Avg. influent

545 O Calcium ;
o Magnes ium cong:gzrat1on§i.geq/L
180 ATotal Hardness Mg+t 27.6
55.5 o Sodium TH 59.6
Nat 167
N
i
S
0 "
>
LY O_) 5
2 o
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tj yd Rinse
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BED VOLUMES

SODIUM (NR), CALCIUM (CA), AND MAGNESIUM (MG) CONCENTRATIONS RRE MEARSURED BY RTOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CARLCIUM AND MRGNESIUM CONCENTRATIONS.

NR CONCENTRATIONS. MEQ/L



MODE

REGFN ]
DRAIN ]
RFGEN 2
REGEN 3
RINSE

SFRVICE

DRAIN 2

Ion-Exchange - Run L.18.00

Date: 3/21/80
Cycle: L.18,13
Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated

Regenerants - recycled regenerant and fresh ED brine

Target  Actual
Control variables: Fresh regeneration conc. {mg/L TDS-calc.) - 65 780
Fresh regeneration conc. (mg/L TDS-evap.) - 91 .300
Fresh regeneration flow rate (L/min) 24.0 23.6
Recycled regenerant flow rate (L/min) 24.0 23.9
Recycled regenerant volume (L) 1600 1592
Service termination point (meq/L cat®) 6.0 7.6
Heat exchanger used No No
Packed bed regeneration mode used Yes Yes
(i.e., resin hold-down)
Standard resin bed: Heighfa= 1 315 mm
Volume = 115.0 L

Chemical Compositions

Tank
Recycle regenerant (T-5)
Spent regenerant (T-6)
Lime-softened feed (T-9)
Lime-softened feed {T-10)
Fresh ED brine (T7-28)
IX product/ED feed (T-33)

Lime-softened feed (clearwell)

of Tank Waters (Prior to Cycle) L.18.13

pH Conductivity  Ca't Mgt ™

units mS/m meq/L meq/L maa/l.
7.2 9400 39.0 84.0 123.0
7.3 9300 39.0 82.0 121.0
7.3 1320 22.4 9.6 32.0
7.3 1380 21.6 11.4 33.0
7.C 9820 1.2 49.6 60.8
7.2 1460 1.0 5.4 6.4
7.3 1380 21.2 1.4 32.6

%ne resin bed height at the end of the drain-down after kegen 1 was used as the
standard resin bed height in calculating bed expansion.

OPERATING CONDITIONS

CYCLE L.18.13

INPUT

PE REGEN
(VENT)
QE REGEN
FR REGEN
FFED
FEED

(VENT)

ouTPIT

WASTE
WASTF

SP REGEN
SP REGEN
WASTF
PROOUCT

WASTF

RFED
DURATION  THRPOUGHPUT VOLUMF AVG FLOW RATE FXPANMSTION
MIN L Bv L/MIN  RV/MIN %
10 240 2.09 24,0 « 209 42,
2 63 «55 31.A « 275 0.0
hb6 1592 13.44 26.1 710 3.
25 599 5.21 23.6 « 205 AR.0
20 300 2.61 15.0 .130 0N
196 SARH0 S5l.1 30,0 o261 0,0
2 30 26 15.0 «130 (LAY
—
321
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TEMPFRATURE
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Fresh Regenerant Volume Balance

Cycle L.18.13

Fresh Fresh
regenerant regenerant Service ED feed
Run L.18.00 volume (V3) TDS volume (Vg) TDS R
Cycle no. Date L mg/L R mg/L % V3/(3-R)Vs
05 3/19/80 699 - 5 910 - 90 1.18
06 3/19/80 701 - 5 970 - 90 1.17
07 3/19/80 698 - 5 850 - 90 1.19
08 3/20/80 699 - 5 940 - 90 1.18
09 3/20/80 598 - 5 880 - 90 1.02
10 3/20/80 600 - 5 970 - 90 1.00
n 3/20/80 578 - 5 480 - 90 1.05
12 3/21/80 599 - 5 790 - 90 1.03
13 3/21/80 599 - 5 880 - 90 1.02

Influent and Effiuent Compositions during IX Regenerations and Service - Cycle L.18.13
(A11 samples composites except regenerations influent)
(Analyzed at Denver on 5/6/80, reanalysis received on 10/9/80)

Rinse and

2:?::0]\; 2 Z:g:cr‘lt 5:?::;?. Inﬂuen#gﬂ{}fnuent ::m::z ‘i::\‘r:::t
PH units - - - 1.9 - 9.0 9.0
05 (calculated) m/L 80 260 53 870 76 530 65 780% 88 350 8 490 8 520
05 {evaporated @ 105°C) mg/L 80 800 56 360 80 800 9 300 89 500 8 590 8 650
Conductivity @ 25°C nS/m - - - 8 980 - 1 320 1 240
stlia w10 5.0 5.0 1.2% 10.0 5.5 5.5
Calcium »g/L 800 3 840 2 080 560 800 w2 32.0
Hagnesium /L a8 586k 83 1320 1)) 9%.6 8.5
Sodium mg/L 26 800 14 100 23 100 22 300% 28 700 2270 2 790
Patassium m/L 2 060 Y oR 1 860 2 680 2 M0 a3 a3
Iron, total mg/L ] 0.2 0.2 0.3 0.4 0,06 0.05
Manganese, total wg/L ND Q.2 0.2 0.06 0.1 0.02 0.0t
Strontive /L a1 A1.5 43.4 1.92 3.9 5.19 0.6
Bicarbonate mg/L 102 106 106 88.5 123 14 129
Carbonate g/l [] 0.6 [} 0 0 0.8 15.9
Hydroxide ng/L - - - - - - -
Suifate /L 14 800 10 300 14 500 5% 20 600 1910 1 940
Chloride g/l 35 200 23 900 34 200 M 500 34 900 3420 3 340
T-alkalinity as CaCO, /L - - - - - - -
P-alkalinity as CaCD;  mg/L - - - - - - -
T-phosphorus as PO, m/L - - - - - - -
E.F. [os(catcutated)/cond.] - - - 7.3 - 6.4 6.9
E.F. [foS(evaporated)/cond] - - - 10.2 - 6.5 1.0
t Anfons meq/L 1 302.67 888.76 1265.7¢  1067.45 ) 413,02 138.33 Wi
1 Cations meq/L 1 302.80 879140 1217.70  1156.50 ) 416.50  133.66 132.86
Control value req/L -0.01 +0.67 +2.44 .5.35 -0.16 .07 +1.96

aQuestionab]e chemical analysis result.
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Ca
MG
TH
NA

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MNNF

OF REM
RFGFN
REGEM
RFGEN
RFGFM
REGEN
PFGEN
REGFN
PFGEN
RFGEN
PFGFN
P INSF
RINSE
PINSE
SERVICF
SFRVICF
SERVICE
SERVICF
SERVICE
SERVICF
SERVICE
SFRVICE
SERVICE

WWWWWWNINY Y=~

PPOCFSS
STREAM

EFFLUFNTS
FFFLUENTS
FFFLUENTZ
IMFLUENTE-
EFFLUFNTS
EFFLUENT®
IMFLUFNT
EFFLUENTY
EFFLUENTA
FEFFLUENTS
EFFLUENTS
EFFLUFNT
EFFLUENT
EFFLUFNT
EFFLUENT
INFLUENT
EFFLUFNT
IMFLUENT
EFFLUFNT
EFFLUENT
EFFLUENT
INFLUEMT
EFFLUENT

CYCLE L.18.13

THROUGHOUT Ca

1"} MEQ/L
n,00 129,74
1.25 25%.49
2.09 243,51
S5.h5 3o 92
Q.27 T1.P6

19,93 47,90

16,55 27,94

17.16 51,60

18.39 39,02

19.02 39,92

21.06 39,97
n.00 20,765
1.30 44
7.61 .78
2eh1 40
6.00 22.75
9013 632

27.39 22.16

2R.70 .40

4) .74 oH

4R, 76 3.19

53.74 272.36

53.74 7.58

MG
MEQ/L

77.70
139.09
143,21

40.16

87.24

98,47

92.18

87,24

15,72

59.75

55.80

34,24

.84
.60
48
9.14
ol
10,37
«50
3.59
20.74
Q.79
21.32

o

TH
MEQ /L.

207,44
394,54
386,77
80, 0R
159,10
143,38

120,13b

139,14
115,64
99,67
95.72
55.00
1.28
JHEF
3R
31.49
JE0
32.53
«90
“.1“
23.93
32.15
28000

N A
MEQ/L

4k, 20
1nn0, 63
1nan. 4%
1165.72
13A0.5Y
1360,59

9ra,99b
160,72
1500.65
1500 ,65
1500,65

@00 .39

180,06

160,07

160,07

124,05,

124 .05

210,09

214.62

760,11

220.10

220,10

300,13

ZSamplg was diluted in the field (1/10). Values reflect undiluted concentrations.
Questionable chemical analysis resuit. .

SERVICE PERFORMANCE SUMMARY

CYCLE L.18.13

AVERAGE CONCENTPATIONS. MEG/L REMOVAL

INFLUENT  EFFLUENT  DIFFERENCE %
22.42 1.13 21.29 95
9.77 4.57 5.19 53
12.19 5.70 26.48 82
215.1 202.60 -30.35

83

RESIN CAPACITY

£o/L

1.089
L ?6‘.‘
1.354

TIMF=JEIGHTED
RESIN CAPACITY

mEQ/L -

V-V v .
e
»B26_

wel i

.39
0.8z
¢.22
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LONCENTRATIONS. MEQ/L

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.18.13

o Calcium Avg. influent

concentrations, meqg/L

o Magnesium Reg 1,2 Reg 3

A Total Hardness catt T 39.9 "27.9
o Sodium Mg*t 40,2 92.2
TH 80.1 120
Eg Nat 1166 970
" /\——o
Tp) 2 4
o~
fqY
o
g_
-f' Reg 2 + Reg 3 —l
Reg 1
% ¢
4|
‘/ﬁ\‘
i B A
° { | 3%
I I I I [
0 6 12 18

BED VOLUMES

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.18.13

. Avg. influent
a Calcium

concentrations, meq/L

900 o0 Magnesium Cat¥ 22 4
55 0 A Total Hardness — yg++ 9.77
: O Sodium TH 32.2
34.2 Na* 215.1
oS <$1
] ™
\
o
Rinse
s /
%g 55__ Service —
O
= i
an
%4
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z 2- -
&)
=
o
Q
.
}._..
0 — -
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)
=
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-
o= T I |
0 1y 28 U2 56

BED VOLUMES

SODIUM (NAR), CALCIUM (CR)., AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
10TAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND ‘MAGNESIUM CONCENTRATIONS.

NA CONCENTRATIONS. MEQ/L



MQnE

REGEN 1
DRATIN 1
REGFN 2
REGEN 3
RIMSF

SERVICE

DRAIN P

Ion-Exchange - Run L.19.00

Date: 3/27/80
Cycle: L.19.27
Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated

Regenerants - recycled regenerant and fresh ED brine

Target  Actual

Control variables: Fresh regeneration conc. {mg/L TDS-calc.) - 91 270
Fresh regeneration conc. (mg/L TDS-evap.) - 90 800
Fresh regeneration flow rate {(L/min) 36.0 36.2
Recycled regenerant flow rate (L/min) 36.0 34.7
Recycled regenerant volume (L) 1600 1597
Service termiration point (mea/L Ca*¥) 6.0 6.8
Heat exchanger used No No
Packed bed regeneration mode used Yes Yes

(i.e., resin hold-down)

Standard resin bed:  Height®= 1 340 mn

Volume =115.0 L

Chemical Compositions of Tank Waters (Prior to Cycle) L.19.27

pH Conductivity catt Mgtt TH

Tank units mS/m meq/L meq/L mea/L
Recycle regenerant (T-5) 7.3 9 410 39.0 86.0 125.0
Spent regenerant (T-6) 7.3 9 360 39.0 87.0 126.0
Lime-softened feed (T-9) 7.2 1390 21.4 10.4 31.8
Lime-softened feed (T-10) 7.3 1 380 22.0 10.0 32.0
Fresh ED brine (T-28) 6.6 9 900 12.4 43.2 55.6
IX product/ED feed (T-33) 7.0 1 490 0.8 5.0 5.8
Lime-softened feed (clearwell) 7.2 1370 21.6 10.0 31.6

%The resin bed height at the end of the drain-down after Regen 1 was used as the
standard resin bed height in calculating bed expansion.

OPERATING CONDITIONS
CYCLE L.19.27

CURATION THROUGHPUT VOLUMF AVG FLOW RATE Exo:zgyou
INPUT ayTeuT M IN L 8v L/MIN  RV/MIN %
RE REGEM WASTFE 10 243 2.11 24.3 «211 40,
(VENT) WASTE 2 40N «35 20,0 o174 0.0
RE REGFN SP RFGEN 46 1597 13.89 34,7 302 a.
FR REGEN SP REGEN 15 sS1 4,79 36.2 «315 10,
FEED WASTE 20 ann 2.61 15.0 «130 0,0
FEED PRODHUCT 188 5640 49,0 30,0 «261 06,0
(VENT) WASTE 2 3n .26 15.0 130 0.0

856

TEMEFRATURE

12.9

13.6



Fresh Regenerant Volume Balance

Cycle L.19.27

Fresh Fresh
regenerant regenerant S$rvic?v ) Egogeed R
L.19.00 volume (V T0s volume (Vg
Rugyc’le na. Date L( X mg/L . mg/L % Vy/(Q-R)Vs
15 3/24/80 599 - 5 670 - 90 1.06
16 3/24/80 599 - 5 360 - 90 1.12
17 3/24/80 509 - 5 340 - 90 0.95
18 3/25/80 599 94 720 5 490 9 290 90 1.09
19 3/25/80 599 94 720 5 790 9 290 90 1.03
20 3/25/80 63 94 720 4 990 9 290 %  0.13
21 3/25/80 597 94 720 5 460 9 290 90 1.09
22 3/26/80 597 - 5 580 - 90 1.07
23 3/26/80 601 - 5 610 - 90 1.07
24 3/26/80 543 - 5 670 - 90 0.96
25 3/26/80 550 - 5 700 - 90 0.96
26 3/27/80 549 - 5 700 - 90 0.96
27 3/27/80 551 - 5 640" - 90 0.98

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.19.27
(A11 samples composites except regenerations influent)
(Analyzed at Denver on 5/23/80, reanalyzed on 9/4/80)

Rinse and

et AT ST e sewiel Service
pH units 7.0 1.7 7.2
105 (calculated) ng/L 78 520 58 580 77 240 91 270 62 130P 8 480 9130
05 (evaporated @ 105°C) mg/L 80 800 61 000. 79 700 90 800 65 3000 8 670 8 610
Conductivity @ 25°C mS/m 1 2600 1190 1 260
silica g/L 10.0 13.0 9.0 12.0 7.1 9.5 6.3
Calciun ng/L 800 3 840 2 089 816 1 600 a8 23.2
Magnes fum mg/L 1220 1730 1 290 859 1 850 120 59.0
Sodfum ng/L 25 300 14 900 23 200 30 900 18 100P 2270 3 0%0
Potassium mg/L 1850 1970 1720 2 49 1230 206 n
Iron, total mg/L 33 33 1n.s 2.4 1.3 0.3 0.2
Manganese, total o/l 0.2 0.2 0.1 0. 0.2 L] XD
Strontium mg/L 43.0 51.0 53.0 30.0 3.5 5.6 0.3
Bicarbonate n/L 145 123 140 45 68.9 42.7 40.9
Carbonate mg/L 0 0 9 0 0 0 0
Hydroxide mg/L - - - - - - -
Sulfate wg/l 14700 10 900 14300 71 sop 8 2700 1 980 1 950
Chioride mg/L 34 500 26 000 500 s4g00b 31000 3 400 3 690
T-alkalinity as CaC0, mg/t - - (37 500) - - -
P-alkalinity as CaC0, mng/L - - - - - - -
T-phosphorus as PO, ng/L - - - - - - -
£.F. ffos(calculated)/cond.] - - - - 9.2 LA 1.2
E.F. [f0S(evaporated)/cond.] - - - - 9.7 7.3 6.8
£ Anfons meq/t ) 280.38  962.02 V272,29 y430.38 ) 04513 137.70 145.27
£ Cations meq/L 1 287.20 1909.30  1264.00 yspag0o 1 050.50  136.06 146.94
Contral value meq/l.  -0.34 -3 +0.42 3.5 -0.33 +0.73 -o.n

%The influent and effluent compositions were interchanged due to an error in the
received analysis,

Questionable chemical analysis result.

Analysis-was rerun - value in parenthesis is result from first analysis.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MONFE

PFGFM
REGFN
REGFN
RFGFM
REGFN
RFGFM
PFGEN
PFGEM
REGEM
QFGFM
REGEM
PINSE
RINSE
RINSF
SERVICF
SERVICE
SERVICE
SERVICF
SFEQVICE
SERVICE
SFRVICF
SERVICE
SERVICF

W W W W NN N

PROCFSS
STHEAM

EFFLUENTS
EFFLUENT®
EFFLUENT®
INFLUENTR
EFFLUFNMTA
EFFLUENTE
INFLUFMT
EFFLUENTE
EFFLUENTS
EFFLUENTS
EFFLUENT®
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
IMFLUENT
FFFLUENT
IMFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

CYCLE L.19.27

THRAUGHPUT

HY

0.00
10?7
?e11
S.74
9.3
16,00
1h.63
17.26
19,78
20.72
0.00
1.30
2.61
2.61
S.74
hoRT
25,09
27.39
39,91
45,39
51.6%
51.65

ca
MEN/L

117.76
239,52
219,86
39.92
67,86
49,90
79.134b
41,92
33,93
29,94
27004
2.?‘,
o4l
.3"
.3"
21.906
«32
21.76
.60
<KD
3.79
22.16
A,79

MG
MEQ/L

RI, A2
147.41
163,37
100441
#9.63
107.67
152 ,26b
69.71
55.72
51.77
47.82
3.59
-RO
CSB
60
10.12
.56
10.53
CQO
3.79
18.11
9,96
21.32

TH
MEQ/L

201,39
346,93
362.94
140,33
157,49
157.47
232,108
111.63
89,65
81.71
1%.76
5,78
1.720
92
RT3
32.08
<8R
32,29
1.50
4,58
21.90
32.11
2R,10

NA
MEN/L

s0n,.27
??1n.952
2100918
1100,48
1500, 65
1300,.57
787,300
1500.65
1300.57
1500, 65
1500,65
900,39
170.07
160,07
160407
126,05
160,07
124,05
160,07
150,07
13A.00
126,05
130.06

a .
poample was diluted in the field (1/10). Values reflect undiluted concentrations,

Questionable chemical analysis result.

AVFRAGE COMCFNTRATIOMS, MEQ/L
DIFFFERENCE

INFLUENT

?21.96
10.21
32.16
124,05

EFFLUENT

1.33
4,69
6.01
150.2R

SERVICE PERFORMANCE SUMMARY

CYCLE L.19.27

20,63
5.52
26.15
~26e22

REMOVAL
%

94

54
8]

87

PESIN CAPACITY

EQ/L

1.012
o271
1.782

TIMF=WE[RHTED
REST CAPACTTY
PAFQ/I s Wfm

ooi—- 7,658
179 o, 94
MO8 4 53
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CONCENTRARTIONS, MEQ/L

575 1150 1725 2300

o

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.19.27

gCalcium Avg. influent
oMagnesium concentrations, meq/L

Reg 1,2 Req 3
ATotal Hardness Catt 39.9 79.8
& Sodium Mg** 100 152
TH 140 232
Na* 1100 787

+' Reg 2 “FReg3'{

0 6 12 18
BED VOLUMES

LR, MG, TH CONCENTRATIONS., MEQ/L

MAJOR CATION CONCENTRATIONS OF
TX RINSE AND SERVICE EFFLUENTS

CYCLE L.19.27

Avg. influent

a Calcium i
%00 o Nagnestun cong:zfrat1ons§2mgq/L
A Total Hardness Mgt 10.2
o Sodium TH 32.2
Na* 124
o S
. .
o
/— Rinse
f Service
©_ -
© _ 3
4§
i
f
o - B l l
0 13 26 33 o2

BED VOLUMES

SODIUM (NR), CALCIUM (CAR), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.

NAR CONCENTRATIONS., MEQ/L



MODF

REGFN 1
REGEM P
REGFN 3
nRAIN ]
DINSF

SFRVICE

NDRAIN 2

Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

Ion-Exchange - Run L.20.00

3/29/80
L.20.09
Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine

TJarget Actual
Fresh regeneration conc. {mg/L TDS-calc.) - 87 980
Fresh regeneration conc. {mg/L TDS-evap.) - 91 900
Fresh regeneration flow rate (L/min) 24.0 23.9
Recycled regenerant flow rate (L/min) 24.0 23.6
Recycled regenerant volume (L) 1 600 1 603
Service termination point (meq/L Ca*t) 6.0 6.6
Heat exchanger used No No
Packed bed regeneration mode used No No

Height®=

‘(i.e., resin hold-down)

- mm

Volume =115.0 L

Chemical Compositions of Tank Waters (Prior to Cycle) L.20.09

Tank

Recycle regenerant (T-5)

Spent regenerant (T-6)

Lime-softened feed (T7-9)

Lime-softened feed (T-10)

Fresh ED brine (T-28)

IX product/ED feed (T-33)

Lime-softened feed (clearwell)

21.8 10.0
aNo resin bed height is presented due to no resin bed height for drain 1 being

recorded.

INPUT ouTPlHIT
QF REGEM WASTF

PE QFGEN SP RFGEM
FP REGEN SP RFAEN
(VENT) WASTF
FFFD WASTF
FFFN PRODUCT
(VENT) WASTF

DURATION
MIN
10
68

25

hY)

10

194

3/

pH Conductivity  Ca't Mgtt TH

units mS/m meq/L meq/L meq/L
7.3 9 550 43.0 85.0 128.0
7.2 g 900 37.0 9n.0 127.0
7.1 1 300 21.6 10.0 31.6
7.2 1 380 22.0 9.6 31.6
6.7 >10 000 26.0 94.0 120.0
6.9 1 300 1.1 4.5 5.6

7.3 1 410

OPERATING CONDIT
CYCLE L.20.09

THROUGHPUT VOLUMF

L Ry
740 2.09
1603 13.9
594 5.20
30 o 26
150 1.30
5940 Rl.7
41 «36
89

IONS

AVG FLON RPATE
L/MIN  HV/MIN
2440 « P09
23.6 P05
23.7 «2NA
15.0 «13N
15.0 »130
3n.0 . P61
13.7 119

’*%pof mhmg €51,

31.8

RED
FXPANSTON TFRUPERATURE
¥ Cc
¥ 15.0
:( 11.9
> 13.5
0,0 -
n.n -
n.n -
0,0 -
427,



Fresh Regenerant Volume Balance

Cycle L.20.09

Fresh Fresh
regenerant reqgenerant Service ED feed
Run L.20.00 volume (Vi) TOS volume (V) T0S R
Cycle no. Date 1. mg/i L mg/L X Vi/(0-R)Vg
05 3/28/80 549 - 5 910 - 90 0.93
06 3/28/80 602 - 6 060 - 90 0:99
07 3/28/80 538 - 5 940 - 90 0.91
08 3/29/80 597 - 6 030 - 90 0.99
09 3/29/80 598 - 5 940 - 90 1.00

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.20.09
(A]] samples composites except regenerations influent)
(Analysis conducted at Denver on 5/23/80, reanalyzed on 9/4/80)

Regen 1,2 Regen 1 Regen 2 Regen 3 :;:3:c:nd Service

Influent effluent effluent Influent Effluent influent effluent
pH units - - - 7.8 - 7.0 7.1
T0S (calculated) mg/L 87 180 59 260 84 890 87 980 88 320 8 240 8 270
T0S (evaporated @ 105 °C) mg/L 84 300 60 300 80 200 91 900 90 000 8 650 8 750
Conductivity @ 25 0C mS/m = - d 9 180 - 1 190 1 220
Silica mg/L 12.0 9.0 10.0 6.9 1n.o 6.7 1.2
Calcium mg/L 960 1 760 2 190 256 1 010 432 19.2
Magnes jum mg/L 1 200 1 350 1 440 830 800 132 56.6
Sodium mg/L 27 900 17 700 25 800 ‘3‘7’ 99%%‘;", 28 400 2130 27%
Potassjum mg/L 1 900 1330 1740 2 700 2 320 210 289
Iron, total mg/L 0.5 0.3 0.7 0.7 0.6 0.1 0.1
Manganese, total mg/L 0.2 0.2 0.2 0.4 0.2 ND ND
Strontium mg/L 30.0 29.0 44.0 3.3 29.0 5.0 ND
Bicarbonate mg/L ns3 107 107 87.8 80.5 37.2 38.4
Carbonate mg/L (1] 0 1] 0 0 0 ]
Hydroxide mg/L - - - - - - -
Sulfate mg/L 14 200 10 900 14 800 (gg 2?)%]5 21 000 2 020 1 990¢
Chloride mg/L 40 900 26 100 38 800 34 200 34 700 3270 (% 23%)5
T-atkalinfty as CaC0, mg/L - - - - - - -
P-alkalinity as CaCO, mg/L - - - - - - -
T-phosphorus as PO, mg/L - - - - - - -
E.F. [TDS (calculated)/cond.] - - - 9.6 - 6.9 6.8
E.F. [T0S (evaporated)/cond.] - - - 10.0 - 7.3 7.2
T Anfons meq/L. 1 448.85 962.76 1398.76 142244 1 417,32 134.81 128.93
I Cations meq/L 1 405.00 1 000.10 1 392.40 1359.80 1 415.20 130.27 134.00
Control Value meq/l. 41,94 -2.46 +0.29 +2.83 +0.10 +2.07 -2.41
a

bduestiqna]be chemical analysis result.
Analysis rerun - values in parenthesis represent:results from initial analysis.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MONE

QFGFN
REGEM
RFGEN
PFGFM
PFREN
REGEN
REGFN
RECEN
REGEN
DF_GEU
RFGFM
FINSFE
P INMSF
RIMSE
SFERVICE
SFOYICE
SFRVICE
SFRVICE
SFRVICF
SERVICE
SFRVICE
SFRVICE
SERVICE
a,
b

WWww DWW W VY —~—

PRNCESS
STREAM

EFFLIENTS
FFFLUENTE
EFFLUENTE
INFLUFNTS
EFFLUFNT
EFFLIENTE
INFLUENTS
EFFLUENT®
EFFLUENTS
EFFLUFNTS
EFFLUENTR
FFFLUENT
EFFLUENT
EFFLUENT
FFFLUFENT
INFLUENT
EFFLIENT
IMELUENT
EFFILLUENT
EFFLUENT
EFFILUENT
INFLUENT
EFFLUENT

CYCLE 1L.20.09

THROUGHPUT [oF

RV

0,00
1.2%
2,09
5457
9,06
16.03
15,65
17.°7
16,52
16.77
2l.z22
0.00
'hs

1.30

1.30
4.70
7.53
26.09
27.39
40,43
46,96
52.96
52.96

Sample was diluted in the field (1/10).
Questionable chemical analysis result.

MEQ/L

119.7%
39,92
193.h1
47,90
73.85
83,86
12,77
45,91
34,97
34,33
27.36
27.54
36,54
4B
.56
21,76
32
21,34
.32
e
P59
21.76
6459

CYCLE L.20.09

AVERAGE CONCEXRTRATIONSS MEU/L REMOVAL
TNFLUENT EFFLUENT DIFFERENCE %
?l1.62 1.00 2h.62 s
10,95 4,71 6.25 57
32.58 5.71 26.56 Rz
117.38 140,52 -23.13

91

MG
MEQ /L

Al1.73
95 . k4
135.47
QR 77
101.56
A9.63
68.31
79.67
658.7A
58,93
S4,16
85.0H
56417

1.28

SERVICE PERFORMANCE SUMMARY

RESTIM cAPaCITY

TH
MEQ/L

181.49
13%,54
329,09
146,47
175.42
143,52
£1.06
125,548
105,65
93,76
T6.51
11¢.5°
85,71
1,75
1.51
33.11
« 95
32.31
l1.17
3,90
21.37
32.32
29.29

EQ/sL

1.065
«323

NA
MEQ/L

sann, 22
400,17
11nn,4k

1713.57b

1200,.52
1360.59
12713.57
1400,61
1R00 28
1800 ,65
1600 ,6%
13580,5Y
l1enn, el
170,07
164,07
120,08
150,07
114,08
160,06
160,06
120,08
116,08
120.0%

Values reflect undiluted concentrations.

TIMF=«AF IAHTFD
PESTM CaPACITY

e FO/L+ WP 0

~ 3. 37
22 ) 2

.39
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CONCENTRATIONS, MEQ/L

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.20.09

oCalcium
oMagnesium
ATotal Hardness
OSodium

Avg. influent
concentrations, meq/L

+t Reg 1,2 Req 3

Ca 47.9 T12.8
Mg*t  98.8  68.3
TH 147 81.1
Nat 1214 1214

Reg 2 -+ Reg 3 {

BED VOLUMES
SODIUM (NAJ, CALCIUM (CA). AND MAGNESIUM (MG) CONCENTRATIONS
T0TAL. HARDNESS (TH} IS CALCULATED BY SUMMING THE CALCIUM AND

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS
CYCLE L.20.09

1401 oCalcium

1351

85.0

CA- MG. TH CONCENTRATIONS, MEQ/L

113

O Magnesium
85.7 ATotal Hardness
055.20 © Sodium

Service

Avg. influent
concentrations, meq/L

Catt 21.6
Mg+t 11.0
TH 32.6
Na* 117

BED VOLUMES
ARE MEASURED BY ATOMIC ABSORPTION.
MAGNESTUM CONCENTRATIONS.

NR CONCENTRATIONS. MFQ/L



Date:

Cycle:

Conditions:

Control variables:

Standard resin bed:

Chemical Compositions

Tank

Ion-Exchange - Run L.22.00

4/4/80

L.22.15

Feedwater - LaVerkin Springs - - 1ime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine

Target  Actual

Fresh regeneration conc. (mg/L TDS-calc.) - 90 780
Fresh regeneration conc. (mg/L TDS-evap.) - 90 900
Fresh regeneration flow rate (L/min) 36.0 35.8
Recycled regenerant flow rate (L/min) 36.0 33.0
Recycled regenerant volume (L) 800 793
Service termination point (meq/L Ca*¥) 6.0 7.0
Heat exchanger used No No
Packed bed regeneration mode used Yes Yes
(i.e., resin hold-down)
Height®= 1 340 mm
Volume = 115.0 L

Recycle regenerant (T-5)

Spent regenerant (T-6)

Lime-softened feed (T-9)

Lime-softened feed (T-10)

Fresh ED brine (T-28)

IX product/ED feed (T-33)

Lime~softened feed (clearwell)

of Tank Waters (Prior to Cycle) L.22.15

pH Conductivity  Ca** Mg*t* TH

units mS/m meq/L meq/L  mea/L
7.5 8 740 42.0 102.0  144.0
7.4 8 720 42.0 100.0  142.0
7.1 1370 21.0 10.6 3.6
7.1 1 390 21.0 10.4 31.4
6.7 9 580 13.6 46.4 60.0
7.1 1490 0.8 4.8 5.6
7.1 1 390 21.2 10.4 31.6

%“The resin bed height at the end of drain-down after Regen 1 was used as the
standard resin bed height in calculating bed expansion. ‘

TwPuT

WF REGRH
FEED
DF REGEN
€4 W 1F 3
FEED
FEED

{vEuT)

nuTenTY

WASTF
WASTF
SP QFREM
GP RFGEM
WASTE
PrEANNCT

WASTF

OPERATING CONBITIONS

CYCLE L.22.15

RED
DUSATINN THEOUGHPUT VOLUME AVG FLOW RATF FXPAMSTION TEMPFRATURE
v MM L Ay L/vIN HY/MIH % c
10 250 ?.17 25.0 217 40, 15.5
2 34 «3) 16.0 «139 n.o
74 793 H.90 33.n «PRT 7.1 16,3
16 501 4438 35.8 <311 R.2 17.5
z0 290 2P 14,5 . 176 n,n
173 8349 Lb.b 0.0 «2h1 n,0
e 3n «2h 15.0 +130 0,0
PR
25¢
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Fresh Regenerant Volume Balance

Cycle L.22.15

Fresh Fresh
regenerant regenerant Service ED feed
Runl.22.00 volume (Vi) TDS volume (Vg) TOS R
Cycle no. Date L. mg/L L mg/L % Va/(1-R)Vg
04 4/2/80 501 - 5 070 - 90 0.98
05 4/2/80 502 - 4 860 - 90 1.03
06 4/2/80 501 - 5 200 - 90 0.96
07 4/2/80 504 - 4 840 - 90 1.04
08 4/3/80 499 - 4 920 - 90 1.01
09 4/3/80 501 - 5 140 - 90 0.97
10 4/3/80 501 - 5 100 - 90 0.98
1 4/3/80 175 - 4 560 - 90 0.38
12 4/3/80 502 - 5 210 - 90 0.96
13 4/4/80 498 - 5 280 - 90 0.94
14 4/4/80 499 - 5 210 - 90 0.96
15 4/4/80 501 - 5 340 - 90 0.94

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.22.15
(A11 samples composites except regenerations influent)
(Analysis conducted at Denver on 6/3/80)

Regen 1, 2 fegon 1 Regen 2 ‘Regen .3 :::::::M Service

influent effluent effluent influent fluent influent effluent
PH untts - - - 7.8 - 1.6 1.7
05 (calculated) mg/L 78 690 53 690 72 870 90 780 86 830 8 570 8 630
T0S (evaporated § 105°C) mg/L 76 500 56 800 76 209 90 900 89 800 8 840 8 800
Conductivity @ 25°C S/ - - - 8 950 - 1 280 1 340
Silica /L 1.0 8.0 8.0 8.0 6.0 (%] 47
Calcium mg/L 1060 3 560 2 620 30 1200 436 3%.0
Magnesiva ng/L 1 100 1 200 1420 572 922 27 §7.1
Sodium wg/t 25100 13 600 21 700 30 100 27 500 2 270 2 950
Potassfum g/l 1 820 940 1 550 2 820 2 o 206 280
Iron, tota) »/L 0,03 0.3 0.5 0.66 0.7 0.05 0.03
Manganese, total ng/t 0.0 0.1 0.1 0.07 0.1 0.01 0.01
Strontfus /L 2.8 45.0 47.0 4.0 38.0 4.5 o
Bicarbonate /L n 86.0 ns 68.3 96.4 32.3 32.3
Carbonate /L 0 0 0 [} 0 0 0
Hydroxide mg/L - = - - - - -
Sulfate ng/L 12 700 9 000 12 600 22 600 20 600 1870 2 000
Chioride m/L 36 800 25 300 32 800 34 300 34 200 3 620 32204
T-alkalinity as CaCOy mg/L - - - - - - -
P-alkalinity as CaCOy mg/L - - - - - - -
T-phosphorus as POy ng/L - - - - - - -
E-F. [fos(eatcurated)/cond. ) - - - 10.1 - 6.7 6.6
£.F. [[0S{evaporated)/cond.) - - - 10.2 - 6.9 6.4
£ Anfons meq/L 1 306.85 900.41 1188.94 1 437,12 139358 141,53 12¢.23
£ Cations meq/L  1279.40 091.50 1233.60 144440 139470 136.08 141.65
Control value * weq/L 41,35 -0.63 -2.4 -0.33 -0.08 02,37 «3.39

%Questionable chemical analysis result.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MONE

RERE
REGEN
WFREY
RFGFN
RFGFN
RECEM
LFGFL
pears
RECRFN
acresy
PFAF")
QINSE
QINSF
RINSE
SFRVICE
SFOVICF
SFOVITF
QFQVICE
REDYICE
SFRVICF
SFeVICH
SEeVIOF
SERYICF
QFoy1cE

awd aba W W N N\ e e

‘;Sample was diluted in the field (1/10).

CYCLE L.22.15

PRACE ]S THROLUGHPYT (o3}

STIFAM bv MEQ/L
FERLUFNTE 00N 105,79
EFFLURNTE 1.30 231.54
EFFLOENTE 2.17 209,54
INFLUENTE 3.90 R2.49
EFFI_LENTR 502 104,79
FFFLUEMTZ G.07 9,325
IMFLUENT Q.34 15,47
FEFLUFHNTR 10,60 AU KK
EFFLUFNTE 11.2% 53,49
FFFLUFNTE 12.18 65,91
EFFLItF TS 12,43 45,91
FEFLUSNT 0.00 11,95
FFFLUEMT 1.2~ .77
FFFLUENT -V .40
EFFILUENT 2.52 )
[MFLDENT 5.39 21.75
EFFLUFNT H,zh W60
IMFLLENT 23.91 °l1.35
EFFLF8T 2% .77 %]
FEFLUENT 3I~,.T0 ho
EFFLUEMT 67,43 ?.59
FEELIIFMT 4r,17 Hh Oy
THFLUFNT TN 24,55
SEFLUTMT PR TY A4

Questionable chemical analysis result.

AVFROGE COBCEMNTR
IMFLUEWT EFFLUE

22.5% 1.21
10.1k 4,79
372.71 S.99
120.65 146.00

MG
MEQ/L

77.70
143,37
143,37

90,53
103,54
103.54

4T . 0K

Hi.n?

T3.6¢F

hS,Th

6l.73

3?.54

1043
KO
«72

10,95

T2
11.15
MK

240

16,93

21.91

H,36

21,91

SERVICE PERFORMANCE SUMMARY

CYCLE L.22.15

ATIOMSs MEQY/
0T NIFFERE

2l.34
S.38
Pe.72
-23.94

N
NCE

REMOVAL
%

98

s3
ue

956

TH
MEQ/L

183,44
374,91
352,94
143,43
207.3%
173.40
62,58
183,47
127.5%
107 .64
Slekn
2.15
1.70
1.20
32.71
1,12
32.51
1.289
3. 19
19,52
bS50
37.91
eh.un

RESIN CAPACTITY

EQ/L

.99]
250
1,761

NA
MFO/L

440,19
1000,.43
1100,48

1091.7a$ AL

1300,.574
130,59

lanu.?sb§ AL

1enn.70b
1500,65
1500,6%
1500.65
9&8n,4l
180.08
160,07
160.07
120,08
180,07
120,05
150,07
140,06
f3q.06
120,0%
120.05
120,05

Values reflect undiluted concentrations.

TIME=-WF IGHTED
RESIM CAPACITY

noeFER/L .

Harin

w44b_],75’

AR

7.0

498
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CONCENTRATIONS, MEQ/L

125 850 1275 1700

0

MRJOR CARTION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.22.15

2 Calcium Avg. influent

concentrations, mea/L

o Magnesium Reg 1,2 Reg 3

A Total Hardness Ca:I 52.9 15.5
. Mg 90.5 47.1
O Sodium TH 143 62.6
Na* 1092 1309
1. Reg 2+ Reg 3 '+
_aReg 1

BED VOLUMES
SODIUM (NR), CRLCIUM (CR), QND MAGNESIUM (MG} CONCENTRATIONS RRE MERSURED BY QTOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULRTED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRRTIONS.

CYCLE L.22.15

MRJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

Avg. influent

050 < 0 Calcium concentrations, meq/L
O Magnesium catt 22.6
51.8 A Total Hardness Mg+t 10:2
¢ Sodium TH 32.7
32.8 0 180 Na+ 120 { O
N
) T~ Rinse =
< %_ Service *4
g | A
= ¢
w
- (B}
2 - -
o
H
[
EE i
‘A_.
Z 0_ -3
by = =
[
=
o
Q
=
_ N
LY (D j
)
=
LN
5 §§:::é =
o I ] ] -°

BED VOLUMES

NA CONCENTRATIONS, MEG/L



MGOE

BACKwWASH
NRATN 1
RFGEN 3
RIMSF
SFRVICE

DPAIN 2

Ion-Exchange - Run L.23.00

Date: 4/16/80
Cycle: L.23.19

Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - fresh ED brine
Source of backwash - IX feedwater

Target Actual

Control variables: Fresh regeneration conc. (mg/L TDS-calc.) 89 270
Fresh regeneration conc. (mg/L TDS-evap.) - 90 000
Fresh regeneration flow rate (L/min) 24.0 24.0
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meq/L Ca**) 6.0 7.0
Heat exchanger used No No
Packed bed regeneration mode used Yes Yes

(i.e., resin hold-down) 100 100

SHMP concentration (mg/L)

Standard resin bed: Height®= 1 300 mm
Volume = 115.0 L

Chemical Compositions of Tank Waters (Prior to Cycle) L.23.19

P Conductivity Ca** mMgt* TH
Tank units mS/m meq/L meq/L me3/L

Recycle regenerant (T7-5) - - - - -
Spent regenerant (T-6) - - - - -
Lime-softened feed (T-9) 7.0 1 360 22.4 9.2 31.6
Lime-softened feed (7-10) 7.1 1 360 21.4 10.2 31.6
Fresh ED brine (T-28) 6.2 9 620 14.8 43.2  58.0
IX product/ED feed (T-33) 7.0 1 500 1.2 3.8 5.0
Lime-softened feed (clearwell) 7.1 1 380 21.4 10.2 31.6

%The resin bed height at the end of the drain-down after Regen 1 was used as the
standard resin bed height in calculating bed expansion.

OPERATING CONDITIONS
CYCLE L.23.19

DURATION THROUGHPUT VOLUME AVG FLOw RATE EYPQSQION

ITMPUT ouTPUT MIN L By L/MIN  BV/MIN %

FFED WASTF 10 235 2.04 23.5 204 a3,

(VENT) WASTF 3 HY o 16 29.0 «252 0.0
FR REGEM WASTE 21 500 4,35 24,0 «209 3.8
FEFD WASTF 15 240 2.09 16,0 «139 NN
FEFD PPODUCT 177 5310 46,2 30,0 261 0.0
(VENT) WASTF 2 30 26 15.0 «130 0.0

229

97

TEMPERATURE
c

°R,2
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Fresh Regenerant Volume Balance

Cycle L.23.19

Fresh Fresh
regenerant regenerant Service ED feed
Run L.23.00 volume (V3) TDS volume (Vg) TDS R

Cycle no. Date L mg/L L mg/L X V3/(1-R)Vsg
09 4/14/80 599 93 690 5 230 9 160 90 1.15
10 4/14/80 487 93 690 4 930 9 160 90 0.99
11 4/14/80 3N 93 690 4 050 9 160 90 0.92
12 4/15/80 512 - 5 220 - 90 0.98
13 4/15/80 508 - 5 070 - 90 1.00
14 4/15/80 500 - 4 920 - 90 1.02
15 4/15/80 500 - 5 280 - 90 0.95
16 4/15/80 500 - 5 500 - 90 0.91
17 4/15/80 501 - 5 310 - 90 0.94
18 4/16/80 502 - 5 220 - 90 0.96
19 4/16/80 500 - 5 310 - 90 0.94

Influent and Effluent Compositions during IX Regeneration and Service - Cycle L.23.19
(A11 samples composites except regeneration influent)
(Analysis conducted at Denver on 6/20/80)

Regeneration Rinse and service Service

{n?Tuent EFfTuent = influent effluent
pH units 6.7 - 1.9 7.6
T0S (calculated) mg/L 89 270 75 830 8 540 9 010
10S (evaporated @ 105°C) mg/L 90 000 77 800 8 530 8 570
Conductivity @ 25°C mS/m 9 220 - 1 250 1 350
Silica mg/L - - - -
Calcium mg/L 512 4130 s 2.8
Magnesium mg/L 566 1 2% ns 50.8
Sodium mg/L 29 ro0 20 600 2310 2 940
Potassium mg/L 2 660 1 660 206 a6
Iron, total mg/L ND NO ND "
Manganese, total mg/L ND ND L NO
Strontium mg/L 2.3 47.7 48 0.2
Bicarbonate mg/L 28.1 7.93 9.76 34.8
Carbonate mg/L [} 0 0 o
Hydroxide mg/L - <
Sulfate mg/L 21 800 18 800 1 900 ¥ 700
Chloride mg/L 33 900 29 400 3 ss0 3 980%
T-alkalinity as CaC0y  mg/L - - N :
P-alkalinity as CaC0, mg/L - - - )
T-phosphorus as PO, my/L = - ;,3 67
E.F. {T0S{calculated)/cond.] 9.7 - s .
€.F. [[ps{evaporated)/cond.} 9.8 - s o
I Anfons meq/L 141,45 1220.13 138,32 TaoL86
T Cations meq/L 1440.00 1251.40
Contro) value — +0.52 -1.64 +0.59 +.052

%questionable chemical analysis result.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION
CYCLE L.23.19

PROCESS THROUGHPUT Ca MG TH NA
MODE STREAM 1y MEQ/L MEQ/L MEQ/L MEQ/L
RACKWASH EFFLUENT 0.00 21.46 13.17 34,63 121.79
RACKWAGH EFFLUENT 1.23 19.946 13.17 33.13 121.79
REGEM 3 EFFLUENT 2.04 2.n0b 1.61b 3.u1b 10.00b
RFGEN 3 INFLUENT 2.46 25.55 _46.5R 72.13 1296.22
PEGEM 3 FFFLUENTR 3.09 409,185 1H1.07 590,25 1000.43
REGEN 3 ESFLUENTA 4,13 239,82 115.23 3%4.75 1300,.57
REGEN 3 FFFLUFNTA S.17 159,.6H 7449 227.17 1300.57
REGEM 3 EFFLUENTR 6,43 114,77 62.55 177.32 1400,61
RIMSE FFFLUENT 0.00 219.56% 123,46C 343,07  2q0n0.87C
P INSE FFFLUFNT .97 1.05 1.07 7.17 170.07
PINSE EFFLUENT 2.09 .75 82 1.57 150.07
SERVICE EFFLUEMT 2.09 .70 . 7h 1.46 160,07
SERVICE IMELUENT 7.83 22.46 9,48 32.323 170.05
SERVICF EFFLUFNT 13.57 .70 80 1.50 150,07
SERVICF INFLUENT ?3.74 22.46 9 LAk 32.33 120.08
SFRVICFE EFFLUENT 25.04 . A0 RO 1.60 150,07
SFRVICE EFFLUFNMT 3F.TR 280 ) .1 ) ?2.564 140,06
SFRVICE FFELUENT 42,52 2.79 13.17 15,94 130,06
SFAVIFF IMFLUENT 48,726 21.96 10.70 32.56 120,05
SEQVICF EFFLUFNT 4b,26 (T 21.40 268,39 120,08

ample was diluted in the field (1/10). Values reflect undiluted concentrations.

Appa' e"t y values shou be lllu] tlp e y a Tac tOl [+] en p' oba y ecause o
Sal’llple d”uthIl error.

alues appear erroneous possibly due to some dilution error.

SERVICE PERFORMANCE SUMMARY
CYCLE L.23.19

TIMF=4EIGHTED
AVERAGE COMCENTRATIONSs MEQ/L REMOVAL RESIM CAPACTTY RESTN CAPACITY
INFLUENT  EFFLUEMT  DIFFERENCE % EQ/L ua EQ/L - ppqsmn
ca ?27.79 1.41 20.88 94 TN ¥ Y27
MG 16.15 3.77 6.38 63 . 295 B30 4 29
TH 32,48 .14 ?2T.2% 84 1.758 el ol 3

MA 120,05 145,06 -?25.01
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CONCENTRATIONS, MEQ/L

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

CYCLE L.23.18 _
Avg. influent

o Ca“‘”".‘ concentrations, meq/L

O Magnesium - Reg

A Total Hardness catt 25.6

¢ Sodium Mgtt 46.6
TH 72.1
Nat 1296

.

BW Reg ‘{

BED VOLUMES

SODIUM (NR), CALCIUM (CA), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEASURED BY ATOMIC RABSORPTION.
[OTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS,

o -

MAJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE L.23.19 Avg. influent

2001 @ oCalcium concentrations, meq/L
O Magnesium T 22.3
343 ATotal Hardness Mg*+ 10.2
229 & Sodium TH 32.4
Nat 120
N> ﬁ 0%)
I "‘
<
o
Ll
>
- L
2 & R
=)
—
—
(ant
o/
= © Ri S
— inse
‘C‘_)—' — F Service [ O
=
O
O
T
© — — 4
A
=
e
S e £ E ——
S l | | —°
0 13 26 39 52

BED VOLUMES

NA CONCENTRATIONS., MEQ/L



MONE

AACKWASH

DRAIN 1

REGEN 3

RINSE

SFRVICE

NRAIN 2

Control variables:

Standard resin bed:

Date:
Cycle:

Conditions:

Ton-Exchange - Run L.24.00

4/18/80

L.24.1
Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - fresh ED brine
Source of backwash - IX feedwater

Target  Actual
Fresh regeneration conc. {mg/L TDS-calc.) - 84 750
Fresh regeneration conc. (mg/L TDS-evap.) - 90 100
Fresh regeneration flow rate (L/min) 24.0 24.2
Recycled regenerant flow rate (L/min) None None
Recycled regenerant volume (L) None None
Service termination point (meq/L Ca*¥) 6.0 8.0
Heat exchanger used Yes Yes
Packed bed regeneration mode used Yes Yes
{i.e., resinhold-down)

SHMP concentration (mg/L) 100 100
Height 13 00 mm

Volume = 115

Chemical Compositions of Tank Waters (Prior to Cycle) L.24.11

pH Conductivity catt Mgtt TH
Tank units mS/m meq/L meg/L meq/L

Recycle regenerant (T-5) - - - - -

Spent regenerant (T-6) - - - - -
Lime-softened feed (T-9) 7.0 1 410 21.6 9.8 31.4
Lime-softened feed (T-10) 6.7 1 400 21.2 10.4 31.6
Fresh ED brine (7-28) 5.5 9 720 14.8 40.0 54.8
IX product/ED feed (T-33) 6.0 1 520 1.2 3.8 5.0

L1me softened feed (clearwell) 7.0
1he resin bed height at the

height in calculating bed expansion.

INPUT

FEED
(VENT)
FR REGEN
FEED
FEED

(VENT)

QUTPUT

WASTE
WASTE
WASTE
WASTE
PRODUICT

WASTE

OPERATING CONDITIONS
CYCLE L.24.11

DURATION THROUGHPUT VOLUME
MIN L Bv
10 263 2.29
3 KT « 76
27 520 4,52
15 2290 1.91
191 5730 49,8
2 30 26
243
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1 390 % d2
end of drain 1 was used as the standard res1n e

21.4

AVG FLUW PATE

L/MIN

26,3
29.0
23.2
14,7
30.0

15,0

BY/MIN

«229
«252
. 202
178
o261

130

EXPANSTON

REN

TEMPERATURE
% C

1. 30.0

0.0 -

3.8 26.5

0.0 -



Fresh Regenerant Volume Balance

Cycle L.24.11

Fresh Fresh
regenerant regenerant Service ED feed
Run 1.24.00 volume (Va) 7TDS volume (Vg) T0S R
Cycle no. Date L mg/L L mg/L 2 Vy/(Q-R)Vg
04 4/17/80 537 - 5180 - 90 1.04
05 4/17/80 541 - 5 620 - 90 0.96
06 4/17/80 541 - 5 610 - 90 '0.96
07 4/17/80 541 - 5 550 - 90 0.97
08 4/17/80 538 - 5 700 - 90 0.94
09 4/18/80 540 - 5 590 - 90 0.97
10 4/18/80 540 - 5 550 - 90 0.97
n 4/18/80 540 - 5730 - 90 0.94

Influent and Effluent Compositions of IX Regeneration and Service - Cycle L.24.11
(A11 samples composites except regeneration influent)
(Analysis conducted at Denver on 7/11/80)

«_Regeneration . zzﬁ?c:"d Service

Influent Effluent influent effluent
pH units 5.7 - 7.7 7.8
T0S (calculated) mo/L 84 750 71 090 8 290 8 430
T0S (evaporated @ 105°C) mg/L % 100 74 000 8 10 8 700
Conductivity @ 25°C nS/m 9 220 ~ 1270 1 270
Silica mg/L s.1 4.0 9.4 10.0
Calcium mg/L 352 3 680 432 48,0
Magnesfun /L a8 1 270 n 6.3
Sodium mg/L 28 700 19 800 2270 2790
Potassium wmg/L 2 300 1 470 188 266
Iron, total mg/L L] ND ND ND
Manganese, total mg/L NO ND ND ND
Strontium mg/L 1.9 4.0 4.6 0.2
Bicarbonate mg/L 15.9 67.1 32.3 32.3
Carbonate mg/L 0 0 0 0
Hydroxide mg/L - - - -
Sulfate mg/L 21 600 18 100 1 930 1 880
Chloride mg/L 31 300 26 700 330 3 340
T-alkalinity as CaCO, mg/L - - - -
P-alkalinity as CaCOj mg/L - - - -
T-phosphorus as PO, mg/L - - - -
£.f. [0S (calculated)/cond.]) 9.2 - 6.5 6.6
E.F. [ips(evaporated)/cond.] 9.8 - 6.9 6.9
£ Anions meq/L 1 332,26 1129.10 133.93 133.93
I Catfons meq/L 1 365.60 1 187.50 134.6 135.80
Control value meq/L «1.61 =3.32 «0.31 -0.86
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Ca
MG
TH
NA

MODE

RACKWASH
SACKwASH
QEGEN
REGFN
REGFN
PEGEN
REGEN
REGFN
RINSE
RINSE
PINSE
SERVICFE
SERVICF
SERVICE
SERVICE
SERVICE
SERVICE
SEPVICE
SERVICE
SERVICE

WWwWwwoww

PROCESS
STREAM

EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT®
EFFLUENT®
EFFLUENT®
EFFLUENTA
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
INFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
INFLUENT
EFFLUENT

THROUGHPUT  CA
By MEQ/L
0.00 29,54b
1.37 19.96
2.29 27.9a
2.92 17.56
3.5% 387,23
4.81 267,58
607 12.77b
6,92 10.38
0.00 25,85
1.02 1,66
1.91 1.44
1.91 64
0,00 23.95
17.22 21.96
18.26 +RO
19.83 1.60
34.70 2,40
36,52 2.40
43.83 22,36
43,83 7.98

Table
MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

CYCLE L.24.11

MG
MEQ/L

21.32b

15.23
4,02
39,34
132.51
#0.33

6.43b

6.430
2494
1.60
1.45
.60
9.63
11.69
l.6n
1.60
5'62
13.66
9.63
21.73

TH
MEQ/L

51.26b
35.19
31.9+
56.91

NA
MEQ/L

147,890
113.96
113.96
1248,37
930,04
274,90
130.93b
13n0.93
543,71
210.53
158.33
165.72
113.50
115.27
151.37
137.45
140,93
134.41
106.57
103.52

ZSample was diluted in the field (1/10). Values reflect undiluted concentrations.
Questionable chemical analysis result.

SERVICE PERFORMANCE SUMMARY
CYCLE L.24.11

AVERAGE CONCENTRATIONS, MEQ/L
NT DIFFERENCE

INFLUENT, EFFLUE

.75 1,48 310 15,60 20.bb
Tou32 73‘*;:'79 302 4.55
33,07 15275 949 18462 2519
111.93 139731 ' -22437

REMOVAL

w0y
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CONCENTRATIONS. MEQ/L

500 750 1000

250

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.2u.11

!

|

{

{

0 Calcium Avg. influent
O Magnesium concentrations, meq/L
Total Hardness Reg
a Sodium Cat+ 17.6
1% Mg++ 39.3
TH 56.9
Nat 1 248

BED VOLUMES
SOOTUM (NR), CALCIUM (CR), AND MAGNESIUM (MG) CONCENTRATIONS ARE MEQSURED 8Y ATOMIC RBSORPTION,
TOTAL. HARDNESS (TH) IS CRLCULATED BY SUMMING THE CRLCIUM AND MAGNESIUM CONCENTRATIONS.

CA, MG- TH CONCENTRATIONS, MEQ/L

MRJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE L.24.11

Avg. influent

542 0 Calcium concentrations, meq/L
O Magnesium ca’m 22.8
210 A Total Hardness  Mg*t ;O.?
50.4 < Sodium E+ ”g'
o (a»]
™M 7] <2{2
jajg — | D
o Service 33
o _ =)
— —
A
e 1 ] I ~ O
0 11 22 33 uuy

BED VOLUMES

NA CONCENTRATIONS, MEQ/L



MODE.

REGEM )
DRAIN 1
REGFN ?
RFGFN 1
UP RINSE
NuM PINSE
SERVICE

DRAIN ?

Date:
Cycle:

Conditions:

Control variables:

Standard resin bed:

Ion-Exchange - Run L.25.00

4/9/80
L.25.22

Feedwater - LaVerkin Springs - - lime-softened, pretreated
Regenerants - recycled regenerant and fresh ED brine

Fresh regeneration conc. (mg/L TDS-calc.)
Fresh regeneration conc. (mg/L TDS-evap.)

Fresh regeneration flow rate (L/min)
Recycled regenerant flow rate (L/min)

Recycled regenerant volume (L)

Service termination point (meg/L Ca*t)
Heat exchanger used

Packed bed regeneration mode used

(i.e, resin hold-down)

Jarget Actual
- 95 1860

33.0
33.0
800
6.0
No
Yes

85 900
30.6
33.4
791
7.0

No

Yes

Chemical Compositions of Tank Waters (Prior to Cycle) L.25.22

Tank

Recycle regenerant (T-5)

Spent regenerant {T-6)

Lime-softened feed (T-9)

Lime-softened feed (T-10)

Fresh ED

brine (T-28)

IX product/ED feed (T-33)

Lime-softened feed (clearwell)

pH Conductivity  Ca'tt Mg**
units mS/m meq/L meq/L
7.3 9 080 41.0 94.0
7.2 9 010 42.0 89.0
7.1 1 370 21.6 9.8
7.2 1 380 21.6 9.8
6.2 9 800 13.2 4.2
6.9 1 490 1.6 4.4
7.2 1 370 21.4 10.2

TH
meq/L

135.0
131.0
31.4
31.4
54.4
6.0
31.6

%The resin bed height at the end of drain-down after Regen 1 was used as the
standard resin height in calculating bed expansion.

TNPUT

F REGEN
(VFMT)
RF REGEN
FR REGFN
FEED
FFED
FEED

(VENT)

%Upf]ow rinse mode.
Downflow rinse mode.

ouTPYT

WASTF
WASTF

SP REGEM
SP REGEM
WASTE
WASTF
PRODUCT

WASTE

OPERATING CONDITIONS

CYCLE L.25.22

DURATION

MIN
10

>

4

19

12

20

193

282

L

247

58
791
575
3RS
3nn

SR0N

THROUGHPUT VOLUF

By

105

AVG FLOW RATE

L/MIN

30.1

15.0

RV /MIN

«215
2572
« 788
o P66

«?79

8ED
EXPANSTON
%

33,

TEMPFRATURE
C

19.1



Fresh Regenerant Volume Balance

Cycle L.25.22

Fresh Fresh
regenerant regenerant Service ED feed
Run L.25.00 volume (V3) TDS volume (Vg) T0S R
Cycle no. Date L. mq/L L mg/L % vi/(1-R)Vs
12 4/7/80 495 - 5 310 - 90 0.93
13 4/7/80 500 - 5 990 - 90 0.83
14 4/7/80 497 - 5 530 - 90 0.90
15 4/8/80 499 - 5 740 - 90 0.87
16 4/8/80 570 - 5 790 - 90 0.98
17 4/8/80 570 - 5 630 - 90 1.01
18 4/8/80 17 - 4 980 - 90 0.23
19 4/8/80 573 - 5 580 - 90 1.03
20 4/9/80 573 - 5 430 - 90 1.06
21 4/9/80 570 - 5 670 - 90 1.01
22 4/9/80 575 - 5 800 - 90 0.99

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.25.22
(A11 samples composites except regenerations influent)
(Analysis conducted at Denver on 6/20/80)

Regen 1, 2 Regen 1 Regen 2 Regen 3 Rinse § Service Service
influent effluent effluent Influent EffTuent influent effluent

PH units - - - 7. - 1.5 7.3
05 {calculated) mg/L 74 420 38 1o 73 700 95 160 94 660 8 530 8 900
10 (evaporated @ 105°C) mg/L 77 400 47 100 75 500 85 900 88 000 8 630 8 440
Conductivity @ 25°C mS/m - - - 9 220 - 1270 1 350
Silfca mg/L 0.5 0.5 0.§ 6.3 0.5 10.7 n.s
Calcium mg/L 800 3070 2 530 800 1120 432 48.0
Magnestum ma/L 1 200 1170 1390 1 3204 781 129 56.6
Sodium mg/L 23 800 8 860 22 300 30 600 30 100 2 270 2 9540
Potassium mg/L 1 810 778 1 670 1 990 2150 210 n
Iron, total mg/L ND ND KO ND NO ND KO
Manganese, total mg/L ND NO ND ND ND ND KD
Strontium mg/L 27.3 37.8 38.0 - 25.7 4.1 0.3
Bicarbonate ng/L 1.0 n.o 1n.0 42.1 1.0 34.8 34.8
Carbonate mg/L 4 0 0 0 0 0 0
Hydroxide mg/L - - - - - - -
Sulfate mg/L 13 000 7 820 12 800 27 200 27 100 1 820 1 920
Chloride mg/l 33 800 16 400 33 100 33 200 33 400 3 620 3 620
T-alkalinity as CaC0, mg/L - - - - - - -
P-alkalinity as CaC0,3 mg/t - - - - - - -
T-phosphorus as PO, mg/L - - - - - - -
E.F. [T0S(calculated)/cond.] - - - 10.3 - 6.7 6.6
E.F. [TDS(evaporated)/cond.-_] - - - 9.3 - 6.8 6.3

T Anfons meq/L 1222.18 625.18 1 200.18 1 502.69 1 507.18 140.47 142,57
T Catfons neq/L 1 214.70 654.90 1 248.30 1 528.90 1 485.10 136.17 141,98
Control value meq/L +0.39 -3.03 -2.57 -1.12 +0.94 +1.88 +0.25

aQuestionable chemical analysis result.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION
CYCLE L.25.22

PRNCFSS THROUGHPUT  CA MG TH NA
MONE STRFAM Ry MEN/L MEQ/L MEQ/L. MEO/L
PEGEN 1 EFFLIENTE D00 37.92 19.75 57.6R 300,13
RESEM 1 FFFLUENT® 1.29 234,53 156,38 31%0,91 1000,43
REGEN 2 EFFLUEMNT & 2.15 214,57 172.84 387.41 1100.48
REGEN ? 1nFLuENy @ 3.87 39,02 98.77 138,69 1035.23
REGFH 2 FFFLUEMTS 5.60 99,80 94.77 196.57 1300,57
REGFN 13 EFFLUENTS® 9.05 A9 26 9N.53 160,40 1300,57
REGEN 3 INFLUFNT 9,59 39,82 10R.64 148,56 1331.01
PEGEN 3 EFFLUFNTA 10.12 69,436 69.96 13%.82 1500,65
REGFH 3 EFFLUENT® 11.18 49,490 ST.61 107.51 1500 ,65
REGEN 3 EFFLUEMT® 12.25% 43,91 55,97 G99 HE 1500.65
REGEM 3 EFFLIENTE 14.11 61,92 50.21 92.12? 1500,65
UF RIMS EFFLUFNT 1.67b 3.39 4.20 7.59 190.08
UF RINSEC  EFFLUENMT 3.3% ?.20 « 60 2.R0 160.07
nF nrusﬁd EFFLUFNT 3.35 14,47 9,08 23.52 140,06
DF RIMSF EFFLUENT 4,65 2.70 2.39% 4,58 160,07
NF RINSE EFFLUENT 5.9A 22,40 1.23 3.63 140,06
SERQVICE EFFLUENT 5.96 1.R0 1.R1 3,51 150.07
SERVICE INFLUENT 9.09 21.46 12.35 33.80 120,05
SEQVICE EFFLIENT 11.71 1.60 1.56 3.1- 160.07
SEPVIrF INFLUFNT 28,43 21.96 9.05 31.01 130.06
SFOYICF EFFLUENT 29.74 1.40 1,723 2.63 150.07
SERVICY EFFLUENT 41,50 1.40 1.23 2.63 150.07
SERVICE EFFLUENT 47.51 2.79 9.8k 12.67 140,09
SFRVICE EFFLEMNT 53.%? 4,99 29.54 725,57 130.06
SFRVICE IMFLUFNT 86.39, 21,96 11.52 33,48 120,05
SFRVICF EFFLUENT 56439 6,99 20,58 27.55 130,06

ﬁSample was diluted in the field (1/10). Values reflect undiluted concentrations.

No sample of the rinse effluent was collected at the beginning of the mode, therefore the
first reported throughput BY is for the sample collected at the midway point of the rinse
Sample collected during upflow rinse. mode.
Sample collected during downflow rinse.

SERVICE PERFORMANCE SUMMARY
CYCLE L.25.22

AVERAGE CONCENTRATTONS, MEQ/L REMOVAL TIME~WEIGHTED
IMFLUENT  EFFLUEMT  DIFFERENCE % RﬁsrgostpAc'TY R%:I¥QSCDfEJJJL
cA 21.79 2.01 19.78 91 poE Ty
MG 10,57 4o40 6.57 60 :ggT 257
T a2.76 6.41 26,36 80 1,329 SRS sy 7
NA 123.39 141.58 -18,19 o= « 904 “of, 77
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801

CONCENTRATIONS, MEQ/L

MRJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT
CYCLE L.25.22

O Calcium

Avg. influent
concentrations, meq/L

O Magnesium Reg 1,2

A Total Hardness catt 39.9

o Sodium Mgt* 98.8
TH+ 139
Na 1035

Reg 3
39.9

12

BED VOLUMES

CR- MG- TH CONCENTRATIONS, MEQ/L

28

21

RS

MRJOR CATION CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE L.25.22 Avg. influent

o Calcium i
O Nageaum cong:g}rat1on§i geq/L
A Total Hardness Mg++ ]]:o
O Sodium TH 32.8
190 Nat 123
g 3
< %
i
&
¢4 o
_ M )
-~d
Service _1
~ Rinse
o -5
o))
N — =
=i
| [ ' =
0 15 30 45 60

BED VOLUMES

SODTUM (NR), CRLCIUM (CA), AND MAGNESIUM (MG} CONCENTRATIONS ARE MEASURED BY ATOMIC BBSORPTION,
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS.

NA CONCENTRATIONS. MEQ/L



Ion-Exchange - Run L.26.00

Date: 4/12/80
Cycle: L.26.14
Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated

Regenerants - recycled regenerant and fresh ED brine

Target Actual
Control variables: Fresh regeneration conc. (mg/L TOS-calc.) T el | 660
Fresh regeneration conc. (mg/L TDS-evap.) - “85--500= Z ‘600
Fresh regeneration flow rate {L/min) 33.0 3.2
Recycled regenerant flow rate (L/min) 33.0 333
Recycled regenerant volume (L) 800 798
Service termination point (meq/L Ca*t) 6.0 7.5
Heat exchanger used No No
Packed bed regeneration mode used Yes Yes

Standard resin bed:  Height® 1 330 mm (1:8-» vesin hold-down)
’ Volume = 115.0 L

Chemical Compositions of Tank Waters (Prior to Cycle) L.26.14

pH Conductivity  ca** Mgt ™

Tank units __mS/m _ meq/l  mea/L mea/t

Recycle regenerant (T-5) 6.9 9 200 40.0 86.0 126.0
Spent regenerant (T-6) 6.8 9 220 39.0 83.0 127.0
Lime-softened feed (7-9) 7. 1-410 21.4 10.3 3.8
Lime-softened feed (T-10) 7.0 1 400 21.4 10.4 3.8
Fresh €D brine (T-28) 6.2 9 730 17.6 47.6 65.2
1X product/ED feed (T-33) 6.9 1 550 1.4 4.4 5.8
Lime-softened feed (clearwell) 7.1 1 380 21.8 10.2 32.0

%The resin bed height at the end of drain-down after Regen 1 was used as the
standard resin bed height in calculating bed expansion.

OPERATING CONDITIONS
CYCLE L.26.14

RED

DURATION THIOUGHPUT VOLUME  AVG FLOY RATF EXPANS[ON TEMPERATUSE
voDg THeUT outPuT MIM L AV L/MIN  AV/MIN .
PEGEN 1 RE REGEN  WASTF 10 230 2.00 23.0 .200 a1, 25.4
DRAIN 1 (VENT) uASTE 2 49 .63 24.5 .213 0.0
REGFY 2 ©F REGEN  SP RFGEN 2e 798 6.94 33.1 .P8R 6.4 16.5
PEGEM 3 FP PEGEM  SP REGEN 13 601 5.23 33.0 287 fad 19,4
nwn RINSE® FEED WASTE 1 20 .17 20.0 .17% 0.0
[ urp pinsed rern WASTE 10 21 2.38 27.1 L2386 8.0
‘}__[)rv RINSFS FEFD WASTE 10 200 1.74 2n.0 .17 n.n
naN arused fFeFo WASTE 1 20 .17 20,0 178 0,0
SEPVICK FEFD PRODNCT 200 6nno 52.2 30.0 .261 n.0
nNRALN 2 {VENT) VASTE 2 30 25 15.0 «13n 0.0
aDownf]ow rinse mode, 278

Upflow portion rinse of the concurrent upflow/downflow rinse mode.
Downflow portion rinse of the concurrent upflow/downflow rinse mode.
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Fresh Regenerant Volume Balance

Cycle L.26.14

Fresh Fresh
regenerant reacnerant S$rvic?v ) Egngeed "
volume (V T0S volume (Vg
RugycL].EZSI{(SJP Date O]Ul_e (V) mg/L L mg/L £ Vy/O-R)¥g

04 4/10/80 602 - 5 710 - 90 1.05
05 4/10/80 604 - 6 260 - 90 0.96
06 4/10/80 65 - 4 920 - 90 0.13
07 4/11/80 598 - 5 700 - 90 1.05
08 4/11/80 599 - 5 940 - 90 1.01
09 4/11/80 601 - 5 940 - 90 1.01
10 4/11/80 600 - S 490 - 90 1.09
11 4/11/80 599 - 5 760 - 90 1.04
12 4/12/80 599 - 5 950 - 90 1.01
13 4/12/80 598 - 5 610 - 90 1.07
14 4/12/30 601 - 6 000 - 90 1.00

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.26.14
(A11 samples composites except regenerations influent)
(Analyzed at Denver on 6/20/80)

Regen 1, 2 Regen 1 Regen 2 A Regen 3 Rinse & Service Service
influent effluent effluent InfTuent TffTuent influent effluent

pH units - - - 7.1 - 1.5 7.6
108 (calculated) mg/L 79 480 45 640 76 200 91 660 100 650% 8 430 8 750
TOS (evaporated @ 105°C) mg/L 77 600 44 000 77 800 92 800 89 100 8 580 8 550
Conductivity @ 25° mS/m - - - 9 220 - 1 300 1 350
Silica mo/L 0.4% 0.6% 0.4% 514 0.5% 1.0 n.7
Calcium mg/L. 816 2 960 2 640 464 1120 448 35.2
Magnesium ma/L 1 160 1 370 1350 605 947 27 85.9
Sodfun ng/L 25 100 11 100 22 100 20 soo® 33 2008 2 230 2790
Potassium mg/L 2 030 794 1740 2 860 2 420 208 219
Iron, total mg/L ND D ND ND )] o N0
Manganese, total mg/L ND O o ] X0 e D
Strontium mg/L 2.6 3.5 3.9 2.7 2.5 4.7 0.3
Bicarbonate ng/L 73.2 67.1 671 27.5 67.1 34.8 43.9
Carbonate mg/L 0 0 0 (] 0 o ]
Hydroxide mg/L - - - - - - -
Sulfate mg/L 14 100 7 350 15 600 22 600 19 600 1890 ¥ 880
Chioride mg/L 36 200 22 000 32 700 34 soo 43 3004 3 480 3 620

T-atkalinity as CaCO; mg/L - - - - - - -
P-alkalinity as CaC0, mg/L - - - - - - -

T-phosphorus as PO, mg/L - - - - - - -

£.F. [os{ calcutated)/cond] - - - 9.9 R 6.5 6.5
E.F, [TDS(evaporated)/cond.] - - - 10.1 . 6.6 6.3

T Anfons meq/L 1 314.20 774.10 1 245,10 1 443.45 1 629.10 137.97 141,92
L Cations meq/L 1.277.80 762.30 1 247.40 1 475.90 1 635.60 134.93 136.93
Control value meq/L +1.78 +0.97 -0.12 «1.44 -0.26 +1.35 +2.16

aouestionable chemical analysis result.
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION

MODE

REGEHM
REGFN
REGF
PFREN
REGEN
REGFN
REGEN
REGFM
RFGFM
REGFN
RFREN

20 W W Wi WY YN e

PRNCFSS
STREAM

EFFLUENT
EFFLUENTA
EFFILLUENTER
INFLUENT®
EFFLUENT®
EFFLUFNTA
INFLUSNT

EFFLUEMTA
FFFLUFNTG
EFFLUENTE
EFFLIFNTR

Con w1rSES  EFFLUENT
CNM RINSEC EFFLUFNT
coN PIHNSES  EFFLUENT

nF rinsed

SERVICE
SERVICE
SERVICE
SFRVICE
SERVICF
SFRVICF
SERVICF
SERYICF
SFRVICF

aSamp]e was diluted in the field (1/10)
Quest1onab1e chemical analysis result.

EFFLUEMT
FFFLUFNT
INFLUENT
EFFLUENT
IMELUENT
EFFLUEMNT
EFFILUENT
EFFLUEMT
IMFLUENT
EFFLUEMT

CYCLE L.26.14

THROUGHPUT
v

N.00
1.20
2.00
3.73
5.46
8.91
9.‘.9
10.07
11.51
12.66
14,11
017
2.72
4,27
beb44
bob0
T.57
11.75%
29.23
3N,.H53
43.57
50.10
56.67
S5h.62

Ca
MEQ/L

49,90
233,52
234,53

49,72
104,79

h9,R6

23.15

Ho BT

564 ,R9

43,91

7,92

35,93

12.97

3.99
1,35
1,40

22.95

.qo
22.95
alt
1.720
3.29
272,465
T.49

MG
MEOQ/L

27.16
148,15
156.38

95,47
107.00
107.00

49.79

71.60

64.20

56.79

53.50

Al.73

3.79
1.8}
7222
1.56
10.70
7.55
10.70
.99
3.54

1,11

10,70

22.72

TH
MEG

17
387
390
136,
211
176
12.
13¢€
119,
100
Sl
97
1€
5.
3.
?e
33.
3.
az
1

¢4
21
32,
Y.

/L

« (16
BT
«91

19

.70
.1

95

o4R

({5

70
42
«6h
« 76

ap
s7
96
65
35

A8
o 79
o Th
)

18
T

NA
MEO/L

200,09
900,39
1000.43
1091,78
1300,57
1400.61
1331.010
1500.65
1200.52b
1600,70
1500 ,65
1250,.56
250,11
160,07
160,07
160,07
120.06
140,07
120.08
isn.n7
140,06
130,06
110.7%
120.05

Values reflect undiluted concentrations.

dConcurrent upflow/downflow rinse effluent.

Downflow rinse effiuent.

SERVICE PERFORMANCE SUMMARY

CYCLE L.26.14

AVERAGE CONCENTRBTIONS, MEQ/L
EFFLUENT DIFFERENCE

INFLUENT
Cca ?22.7%
(46 10,70
™ 33.49
MA 116.72

1.64 2l.14
5.36 534
T.01 26.4R
147401 ~30.30

PFMOVAL
%

93
50
79

RESIN CAPACITY

EQ/L

1.103
£ 278
1.381

TIMF=WEIGHTED
RESIM CAPACITY
BLEN/LL « metn

2T 3.727
S ) oo

36 ﬁf»?:’



AN

CONCENYRATIONS. MEQ/L

MAJOR CATION CONCENTRATIONS
OF IX REGENERATION EFFLUENT

MAJOR CATINN CONCENTRATIONS OF
IX RINSE AND SERVICE EFFLUENTS

CYCLE L.26. 14 Avg. influent CYCLE L-2B§ 14 Avg. influent
O Calcium concentrations, meq/L 1251 O Calcium concentrations, meq/L
O Magnesium Reg 1,2 Reg 3 O Magnesium Ca™™ 2.8
A Total Hardness catt 20.7 ~23.2 97.74¢ 250 A Total Hardness Mg+ 10.7
o Sodium Mgt 95.5 49.8 61.7 o Sodium TH, 33.5
TH, 136 73.0 35.9 Na 17
Na 1092 1331 |
g <
™

CA. MG- TH CONCENTRATIONS. MEQ/L

BED VOLUMES BED VOLUMES
SODTIUM (NR), CRLCIUM (CR), AND MAGNESTUM (MG) CONCENTRATIONS ARE MERSURED BY ATOMIC ABSORPTION.
TOTAL HARDNESS (TH) IS CALCULATED BY SUMMING THE CALCIUM AND MAGNESIUM CONCENTRATIONS,

30 135 180

5
NA CONCENTRATIONS. MEQ/L
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PROGRAM JOHMAR
THIS FROGRAM CALCULATES THE AMAUWHT OF CALCIUM
SULFRTE PRECIPITATED FROM A sUFERSATURATED S0LUTION
EASED 0OH CaS04 SOLUBILITY FOR A PARTICULAR TEMPERATURE.
JOHN KARKINEW 9-83
OPTION EBASE 1
FRIMTER IS 7,1
DIM A$C481,B$(761,C$[r@l,DF[701,E$L[FB],TC21,ACZB,RC28)
ISP "MARSHALL PROGRAM - CaS04 SOLUBILITY"
WAIT 1808
Index=0
INPUT "SAMPLE DESCRIPTIOHN ?",R$
INPUT "TEMPERATURE 2", T
I=1
TCIx»=T
ACIX=TCI»+273.2
DISF "EMTER SAMFLE AHWALYSIS (mg~L»>; EWTER @ IF HOT DETECTED
WAIT 16806
INPUT CATIONM DRTA
Ca=@
INPUT "CALCIUM <Cad> ?",Ca
Mcao=Ca- 40838

Mg=8

INPUT "MAGHESIUM <Mg>» ?",Mg
Ha=8

INPUT "SODIUM (Ha» ?",Ha
K=8

INPUT "POTASSIUM (K> ?",K
Fe=0@

INFUT "IROW (Fe2 ?",Fe

Mh=8

INPUT "MANGANESE (Mn> ?",Mn
Sr=8

INPUT "STRONTIUM (Sr>» ?",Sr
Ra=0

INFUT "BARIUM (Ba) ?",EBa
INPUT ANION DATH

Hc a3=8

INPUT "BICARBOHATE (HCO3> ?",Hco3

Co3=8 ‘

INFUT "CAREOMATE <CQ3> ?",Co3

So4=0

INPUT "SULFATE <204)> 7",S504

Cl1=8

INPUT "CHLORIDE <C13 ?",C1

Po4=8

INFUT "“PHDSPHATE <FD4» ?",Po4
COMVERSIOM TO MILLIERGUIYALENWTS

Eca=Ca-20.94

Emg=Mg~12. 16

Ena=Ha~-22,99

Ek=K-39.1

Efe=Fe~-27.92

Emn=Mn-27.47

Esr=Sr~43.81

Eba=Ba~63,567

Ehco3=Hco3-61.82

Eco3=Co3-380.8

Ezod=504.-48, 82

Ec1=C1-35.45

Epod4=FPo4-31.65
CONYERSTON TO MOLES

Meca=Ca-488c.

Mmg=Mg-24312

Mna=Ha~229268

Mk=K- 39182 115

<USED"
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1858
1888 .
187a
1988
1898
11464
111@
11208
113A
11409
1158
1160
117a
1128
1138
1268
1218

Mfe=Fe~55847
Man=Hn-54938
Msr=3r~87628
Mba=Ba~1373248

Mheods=

Hco3~61816

Mca3=Co3- 660888
Msod4=504-35858
Mc1=C1-35453
Mpod4=Po4-94978
SUMMARTIONM OF CATIONS AND AMIONE (e-MILLIEQUIVALEWT, m-MOLES?
Scat=Ca+Mg+NHa+kK+Fe+Mnh+5Sr-+Ba
San=Hco3+Co3+Sod4+L1+Fod

Secat=

Eca+Emg+Ena+Ek+Emn+Esr+Eba

Sean=Ehco3+Eco3+Eszad+Ec1+Epod

Smcat=

Mca+Mmg+Mna+Mk +Mfe+tMmn+Mzr+Mba

Sman=Mhco3+McoI+Msod4+Mc 1 +Mpod

IONIC STRENGTH CALCULATIOH
U=9*Mpod
Y=dxiMca+tMng+Mie+Mmn+Msr+Mba+tMca3I+Msod)
W=Mna+Mk+Mhco3+mMct
Ionstr=,5%#C(U+V+W 2

PRINT QUT CATIOW AMD IOWIC COMCEWMTRATIOHS

FRIWHT

IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMAGE
IMRGE
IMAGE
FRINT
FRIMT
PRINT
FRIMT
PRIHWT
PRINT
FRINT
FRINT
FRIMT
FPRINT
FRIMT
PRINWT
FRINT
FRIMT
FRINT
PRIMT
IMAGE
IMAGE
IMAGE
PRINT
PRIMHT

Eatio=

FRIMT

mmoles.s

mmaless

L

L

LIM L g e e e e e e e e e e e e e e
CATIONS gL megsL
RHIONS mg-L megesL

A$sLINCED

"CALCIUM <Ca»"134,DDDDD.DD,%X,DD0D0.0D,2%,00D, D00
"MAGHMESIUM <Mga"11¥,DLLDD.DD,9,DDD.DD,3X,DDD.DDD
"SODIUM (Ma»"i4¥,DLRDDD.DD,=3s,0D0DD0.DD0, 7, D000, 00D
"POTASSIUM <PO42"18X,DDDDD.DD,3%,DDD.0D,9:,DD,DID
"IRON ¢Fe)"1vVx,0DDD.DD,9¥,D0D0D.0D, 3%, 0D. 00D
"MANGAMESE (Mn>"13¥,DDDD.DD, 9K, D0D.0D, 9,00, DDD
"STRONTIUM ¢Se2"12¥,DD0D.0D0,9%,0D0.00,%, 00D, 00D
"BARIUM (Ba»"15X,0LDD,DD,5:,00L,D00,9%,0D. 000
"BICARBOMATE ¢HCOZ2>"¥®,0DDLD.DD,%X,00D.LD,5%,00D,.0D0D
"CARBOMATE (CO3>"168%,D0DDDD.DD, %X,000.0D,%9<,0D.000
"SULFATE <(504>"12¥,D000DD.DD0,94,D00L,.00,84,D00.00D
"CHLORIDE <Cla»"12k,DDDDD,DD,24,00D,0D0,2%,000. 00D
"FHOSFHATE <FPO43>"11X,0DD0D,.D0D,9%,000.00,%%,00.00D
E$3LINCLY

USIHNG 938;Ca,Eca, 10B@+Mca

USIHG 94B83Mg,Emg,Mmg*1888

USING 2583Ha,Ena,Mna*1B88

USIHG 9eB;K,Ek,Mk*18088

USING 9783Fe,Efe,Mfe*1880

USIHG 9883Mrn,Emn, Mmn*1088

USING 29835k ,Esr,Msr*1060

USING 1608;EBa,Eba,Mbax1866

LINCLI)sCHsLIMCL

USING 18183Hco3,Ehco3, Mhco3+1B86808

USING 18283Co3,Eco3d,Mcolx1B0aa

USING 1839;504,Esod,Msod4%180989

USING 1848;0C1,Ec], Mcl+18480

USING 10583Fod,Epod, Mpod*1B880

LINCLS

"SUMMARTION OF CATINHS
“SUMMATION OF AMIONS
"RATIO CATIOQHS:ANIONS
USIHG 12283 5ecat
USING 12383 5Sean
Secat - Scsan

USIHNG 12483Ratio

"2, DDDD.D, 2K "meqsL"
“2¥,DDDD. D, 24X meg LY
"2%, D0. 0D

[ L 1]

Tdzs=3cat+San 116



T O Tl - =y ey
LI Y I B O 5 PN T O i O
UNRN (R o IR B O | B S DU I CO T 1)

L
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-
o

1418
1420
1438
1448
1458
146a
1470
1480
14948
1586
1518
1sze
1530
1548
15508
1568
w-GupssPrecouw~2d

R T T T S S T T T Ty Ui A S

g s N S Ty T

OO 00 OO

Al 0 0000 00 O
P N S Y N T R N

s A0 WO

KU ) |

SRS D 002D 0000000000 DD 50 D 3

OO0 R O R GO P D 00 I O e L P e O

[ax ]

[xn 3 wn ]

Do R B U U o U X ]

IMRGE "TDE <CSUMMATION:
PRIMT USING 1388;Tds
IMAGE "IOWIC STREHWGTH
FRIMNT USING 13283 Ionste
IF Index=1 THEHM GOTO 2858
J=1
Cl=18~0239@,9613-152.6246LGTCACT ) »-125
CE2=18~0-108,54+62, 15=#LGTCACTI 0 +4218, &
IF CACT 2 =2V32 DR CHRHCJD)>=53581) THEHW Z8&
IF RCJI»»373 THEH 1428
Ihelop=,089287*AC(J2~, 6939
GOTO 1424
Dhslop=, 80008849 *ACJ>~1, 386
Para=l,6—., 15S%EXFP(~-.B2054«T (I
Gupsl=.BS8*EXP(—, BEA5*T(JI) )
GCups2=,0823%EXP(-.B1336%xTCJ)>
C3=Mzod4-Mca
Slopl=C3*Mca~2
E4=Ion5tr*(.@5
=loanstr*{,397~.
LGH

"2, DDDDD.D, 245"

"2x,D.0DDID

sxm.n
o

a3a-,

Bepa2exlonstr+.8680124383%%xIons
G1283%

Ionstr:

f'.

FUR I=1 TO 1@e
C8=Mca*C?
CI9=Mmg*C7?
Frecow=lonztrsCP-4%C6
Cla=Cl#1@8~C8%Dhslap*SUR(Frecows s

CI1=C2#18~(2*Dhslop*SURCPrecou) ~C1+SQRY
CE=C9+C1B-CC11*C8+0180
Cl2=5Q0R((CIB+CE*CB ST opl s
IF ARBSCCLIZ-CVPOrC12-.881<=0 THEH
cv=Ciz
MEXT I
C13=C7%#Jonstr
Cl4=C13=0, BJ-JB—
C15=C13%¢.9
R=1@B-1@Bftlu
IF RBS(C12-12-,885<8 THEH GOTO 19484
Scr=iMsod4#C12-CE82  (Mca*xC12d
IF Scr«<l THEW GOTO 1748
Caln=McaxC1z
Mzod=Mzod4-Mca+Caln
Mca=Caln
GOTO 1778
Suln=MsodxC1l2
Mca=Mca-Msod+Suln
Mzod=Suln
Ca=Mca*40820
Sod=Mzod4£I6055
Eca=Ca- 28,84
Ezo4=%04-48.82
HEW SUMMRARTIOHN OF CATIOMS
Scat=Ca+Mg+Hatk+Fe+Mn+Sr+EBa
=Hco3+Co3+504+C1 +Pod
af—Eca+Emg+Ena+EP+Emn+E r+Eba
n=Ehco3+Eco3+Ezod+Ec 1+Epod
me-at=Mca+Mmg+irna+Mk+Mie+tMmn+Msr+Mba
nan=Mhco3+McoI+Msod+Mc 1 +Mpod
MEKW IOMIC ZTREMGTH CALCULRTIOHN
IJ= ‘:J*MF_|||4
V=4 (Mca+tMmg+Mfe+Mmn+Msr+Mbat+Me o
Watma+tMk+MhcoI+Mcl
Ionzste=, 5% U+ +H2
GOTO 1468
CARLCULATIONW COMFLETE.

1638

AMHD AMIONS Ce-HM

' A
g-g
=

U’.\ L xR
mn ul [

B3]

=

S+fls g

FRINT 0OUT RESULT.
117

Ci+Para

mg--L"
Jr+.8318433%ACT 00
JEZISHACTID
~2
¥SERCPrecovy y+LGupslsFerco

Precowils

ILLIEQUIVALENWT, m-MOLES



13508
1968
1978
1924
1358
2888
z2e1a
zpze
2830
2848
2e5a
2668
2e7ve
2880
2898
2108
2118
2128
21z@
2148

Caprt=(Mcao-Mca’*1888

PRINT LIN¢1) ‘

IF Caprt<@ THEN GOTO 21180

D¥="NEW COMFOSITION AFTER CaS04 FRECIPITATION"

PRINT D$3LIMNCL)

PRINT USING 2818;T

IMAGE "TEMPERATURE = ",DD.DD,2R" oC"

PRINT LINC¢12

Index=1

GOTO 1868

PRIMT LINHC12

IMAGE "CALCIUM SULFATE FPRECIFITATED “,DDDDD.DDDD, 2R "mmoles L"
IMAGE * = “,DDDDD.DDDD,2X"g-L"
IMAGE "CALCIUM SULFATE UWDERSATURATION = ",DDDDD.DDDD,2X"mmoles L"
IF Caprt>=@8 THEN PRINT USIHG 28683;Caprt

IF Caprt»=@8 THEH PRINT USING 2B7@;Caprt*.13614

IF Caprt<@ THEN PRINT USING 2888;-Caprt

GOTO 2148
DISF "IWCORRECT TEMPERATURE INPUT I"
END

118
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CATIOHE

CALCIUM (Cad
MAGHES TN CMga
SODIUM CHad
FOTAR=SIUM CPO42
IROH <Fe:
MANGAHESE
STROMTILM
BARIUM CEBa

LM

=T

AMTIOHS

BICAREOMATE (HCOD32
CAREONATE <CO33
SULFRTE <S040
CHLORIDE <0Q12
FHOSPHATE CPO4D

SUMMATION OF CATIOHMS
SUMMATION OF AMIOHS
RATIO CATIONS:ANIOHS
TDE CSUMMRTIOM:
IONIC STREMGTH

HEW COMFOSITIOM AFTER CaS04 PRECIPITATION

TEMFERATURE = 25.88

CATIONS

CALCIUM <Cal
MAGHESTIUM <Mg>
SODIUM CHa
POTARSSIUM <PO4:
IROH CFe2
MAMGANESE (M2
STROMTIUM (52
BEARIUM <EBal

AMIONS

BEICARBONATE CHCOZD
CARBOMATE <CO3:
SULFATE «S040
CHLORIDE <C12
FHOSPHATE (PO453

SUMMATION OF CATIONS
SUMMATION OF AMIONS
EATIO CATIOHS:AMIONS
TDS CSUMMATIOND
IONIC STREMGTH

CALCIUM ZULFATE PRECIFITATED

mg-L meg-L
2448.08 1z21.7&
258,08 &9, 98
7521.488 Iav.14
43,88 12.88
B.aa 8.88
B.88 a.8a8
26,088 .59
o.aa B.88
mg-L meq-L
184,08 1.76
8,848 8,848
&£296.808 138,99
15586, 86 437.24
B.88 .86
S538.4 meq-L
569.9 meq-L
. 94
33474.8 mg-sL
. 71576
mg- L meq-L
14@1,93 £9.26
258,08 &9, 948
Foa21.,848 327.14
7T43.08 19.488
B.86 8.80
B.868 8.4
26.88 .39
8,88 B.a8
mg~L meg-L
184,88 1.78
8,84 B.86
3882.17 ¥9.18
15560, 80 437,24
6,88 0.80
486. 6 meg-L
S18.1 meg-L
.94
299438.2 ma-L
JE1216

25.8987
3.5258
121

g-L

=4 @

O

Ll VI FX S 4

mmoles L

1.784
8.000
65.4208
437.193
g.608

mmoles-L

Z4.9868
34.962
327.142
19.882
B.o8B
g.880

. 297
g.980

mmoles L

1.784
0.0688
39.521
437.199
B.Bog

mmoles L



L.B82.12 R1/2E avg

CATIONS

CALCIUM (Cal
MAGMESIUM (Mg>d
SODIUM <(Ha>l
POTASSIUM <(PO4>D
IRON (Fe)
MANGAHESE (Mn>
STRONTIUM <(Sr>
BARIUM (Ba’

ANIONS

BICARBOMATE (HCO32
CARBEONATE <CO32>
SULFRTE (504>
CHLORIDE <C12
FHOSFHRTE (FPO4)

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS: ANIONS
TDS C(SUMMATION
IONIC STRENGTH

mg-L

13406.00
537.080
9940. 60 4
743.06808
0.08
8.80
26.00
B.o8B

mg~L

194.88

.00
5298.868 1
155086. 06 4

6.80

563.0
569.9
.99
344808.0

«EBP73

meq-L
meqg-sL

mg-L

HEW COMPOSITION AFTER CaS04 PRECIPITATION

TEMPERATURE = 25.68

CATIONS

CALCIUM (Cad
MAGNESIUM (Mg>
SODIUM <(Na>
POTASSIUM (PO4)
IRON (Fe>
MANGANESE (Mn>
STRONTIUM (Sr
BARIUM (Ba>

ANIONS

BICARBOWATE (HCO3>
CARBONATE (CO32
SULFATE <S04
CHLORIDE <C1>
FHOSPHATE (P04

SUMMATION OF CRTIOHNS
SUMMATION OF ANIONS
RATIO CATIONS: ANIONS
TDS ¢(SUMMATIOND
IONIC STRENGTH

CALCIUM SULFATE PRECIFITATED

mg-L

985.71
537.608
29408.0808 4
r43.088
B.pa
b.o68
26.006
6.08

mg-L

164,088

8.88
S54408.88 1
15560, 0808 4

0.00

545.3
952.2
.99
33276.6

L65237

meq-L
meqg-L

mg~L

8.8395
1.2834
122

meqsL

66.87
44.16
32.36
19.80
0.08
B.008
.59
B.68

meq-L

1.78
0.6
36.99
37.24
B.00

megq-L

49.19
44.16
32.36
19,00
@.ae
@.0e

.59
a. 00

meq/}

1.78
8.08
12.38
37.24
6.a88

mmoles L
g-L

mmotes L

33.433
22.0888
432. 362
19,882
8.000
8.00608

. 297
8.008

mmales~L

1.784
9.008
65.4840
437.199
B.9880

mmoles L

24.594
22.888
422.3e2
19.882
8,800
B8.080
297
6.006848

mmoles~L

1.784
g.000
56.640
437.199
8.080



L.83.35 R3E peak

CRTIOMS

CALCIUM <Ca2
MAGHESTUM <Mg>
SODIUM (Mal
FOTASSIUM {FPO43
IRON ¢Fed
MANGARANESE (Mno>
STRONTIUM {Sr2
EARIUM C(EBa>

AMIONS

BICARBOMATE <HCO33>
CARBONATE «CO32
SULFATE <S040
CHLORIDE <C12
PHOSPHATE C(PO40

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS:AMIONS
TDS (SUMMATIOND
IONIC STREMGTH

mg-L

a3126.090 1
875.088

2748.008 3
ve2.88
8.680
8.80
22.88
8.p4a

mg-L

189.060

B.Be
9700 .84 2
16186. 848 4

8.8

6€31.3
639.3
.96
39598.8
362084

meq-L
meq-L

mg-L

HEW COMFOSITION ARFTER Ca504 PRECIPITATION

TEMPERATURE = 25.88

CATIONS

CARLCIUM <Cal
MAGHESTIUM <HMg2
SODIUM (Had
FOTASSIUM (POD42
IRON CFel
MANGAMESE (Mno
STRONTIUM (Sp2
BARIUM CEad

ANTIONS

BEICARBOMATE C(HCO32
CARBOMATE <CO3D
SULFATE <S042
CHLORIDE <C12
FHOSFHATE <PO43

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS:ANIOHS
ThS CSUMMARTIOND
IONIC STRENGTH

CALCIUM SULFATE PRECIFPITARTED

W unn

mg-L

1157.22
875.088
2v46.08 2
782.688
B.88
6.8
32.088
8.88

mg-L

189.048

.88
4251.98 1
161848. 848 4

0.088

5320.6
358.3
.95
32vav.d

66817

meqg-L
meg-L

mg-L

58.4c86
6.3788
123

meg~L

58.68
71.96
g88.17v
28.848
8.0806
B.0B48
.73
8.084

meq-L

3.18
8.066
B2.08
54.16
8.08

meg- L

57.7S
71.9¢
808.1°7
28.88
8.08
a.084d
.73
8.608

meq-L

3.10
g8.006
81.084
S4.16
B8.006

mmoles L
gL

mmoles L

r9.341
35.9948
280.165
19.999
0.00688
6.060

« 363
0.0688

mmoles~L

2.898
6.800
168,979
454.122
8.060

mmoles-~L

28.873
35.998
380.1&5
19,399
@.0008
6.000

« 365
b.680

mmoles- L

3.898
8.0806
5e.518
454.122
6.0008



L.B83.35 R3E avg

CATIONS

CALCIUM <Cas
MAGHESIUM <Mg:>
SODIUM CHas
FOTARSSIUM (PO45
IROH <Fe
MANGANESE <(Mn>
STRONTIUM CSr2
ERREIUM C(Eal

AMIONS

BICARBOHATE CHCO3D
CARBOMATE <CO3>2
SULFATE <5040
CHLORIDE «C1>
FHOSFHRTE C(PO45

SUMMATION OF CATIONS
SUMMATION OF AMIONS
RATIO CATIONS:ANIONS
TOS (SUMMATIOND
IOHIC STREWGTH

HEL CCOMPOSITION AFTER CaS04 PRECIFPITATION

TEMFERATURE = 25.408

CATIONS

CRLCIUM (Ca>
MAGHESIUM (Mg>
SODIUM <(Had
FOTASSIUM CFPO4D
IROM CFel
MAMGRANESE (Mrod
STROHTIUM ¢Sk
EARIUM CBax

ANIONS

BICARBONATE C(HCOZ2D
CARBOHRTE <CO2>
SULFATE <S040
CHLORIDE <C12
PHOSFHATE (P04

SUMMATION OF CATIONS
SUMMARTION OF ANIOHNS
RATIO CATIONS: AMIONS
TDS CSUMMATION?
IOHIC STREMGTH

CALCIUM SULFATE PRECIPITATED

mg-L meg- L
22868.4808 112.77
616,808 58,16
18600. 80 451,87
782.08 28.80
a.0a 0,088
B.88 B.040
32.068 g
8.8a8 d.04a
mg-L meg-L
189,88 3.18
6.a88 8.88
9780.048 2B2.84
161998, 808 454,16
B8.88 a.80
645.7 meqg-L
£659.3 meq-L
.98
48293.8 mg-L
. 83579
gL meg-L
884,086 44.11
516,80 S58.16
1BERB, 86 451,87
r82.04 24,84
8.B88 Q.80
8.806 B.a6
32.848 T3
g.86 H.8a8
mg-L meg- L
129. 808 Z.18
B.a88 H.848
£354.34 132,33
16180, 86 454,16
B,08 a.ag
576.1 meqg-L
589.6 meq-L
. 98
25551.4 mg-L
<5547
34,8288 mmoles-sL

4.741&
124

g-L

mmoles- L

S6. 886
25.8%08

4561.878

13,999
8.8084
8,008

. 360
a.800

mmoles~L

3.898
@.08868

188,979
454.122

e.008

mmoles-L

22.857
25.89%98

451.876

13,999
B.00606
B.00808

3635
g2.0048

mmoles L
3.6898

&,aa8
£6.1508

454,122

d.884



L.35.54 R3IE peak

CATIOHS

CALCTIUM (Cad

MAGHESTUM <Mgl
SODIUM CHad

FOTRSSIUM CFPO42
IROH CFel
MAHGAMESE
STROMTIUM
EARIUM

M
LS
CEal

AHIOMNS

BICAREBOMARTE ¢HCOZ2
CARBONATE wCO30
SULFATE <5042
CHLORIDE

CCTo
FHOSFHATE <(PO4:

SUMMATION OF CATIOHS
SUMMATION OF ANIOMS
RATIO CATIONS:AMIONS
TS CSUMMATIONS
IOHIC STREMGTH

HEW COMPOSITION RFTER

TEMFERATURE = 25.808

CRTIONS

CARLCIUM <Cad
MAGHESIUM «pMg>
S0DIUM CMal
FOTASSIUM <PO42
IROH CFel
MAMGARMESE (M2
STRONTIUM CSro
EARIUM (Bax

AMIOMNE

BICAREOMATE <HCO3)
CAREBOMATE <CO32
SULFATE <S045
CHLORIDE <C1a
FHOSPHATE (P04

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS:RMIOHS
TOS CSUMMATIOND
IOGHIC STREMGTH

CALTIUM

SULFATE FPRECIPITATED

mg- L

c2248. 80
1555. 688
18699.680
1628, 848
. 58

0.8
58,648
8.08

1283.4
g2ve.z2
1.48

G2233.6

1.43891

mg-L

22%52.3
1555.88
12699.088
185868.88
. 64
8.08
S0. B8
9.6848

mg-L

91.6808
g.80
3546.87
21380.480
a. 8

lesz2.4
E7E.2
1.68

48574.8

1.83635

meq-L

313,37
12v.88
513,35
2rv.e2
.B2
8.88
1.14
B. B8

meq~L
meq-sL

mg~L

CaZl04 PRECIFITRTION

meqe L

112.39
127.88
213.35
2r.e2
B2
g.04d
1.14
o.e8

meq-L

1.49
d.00
72.86
50B.85
.66

meq-L
meq~L

mg- L

180.4987
13.624882
125

mmales L
g/L

mmoles- L

156,687
£2.%¢8
213.354
27.628
011
B.088
.571
g8.0808

mroles L

1.491
g.809
137.414
688,793
8.088

mmoles~L

mmoles L

1.491
e.088
36.9232
£E8. 735
8,088



L.B5.54 R3E avg

CATIONS

CALCIUM <Ca>
MAGHESIUM <Mgo2
SODIUM <HMal
POTHSSIUM CFO45
IROM (Fe?
MANGHHESE <Mn2
STRONTIUM CSrod
EARTIUM CBad

ANIUONS

EICARBOMATE (HCO3D
CARBOMATE cCO33
SULFATE <5045
CHLORIDE <C10

IRl =TT ]
AUSFARTE WFUS )

SUMMATION OF CATIOHNS
SUMMATION OF ANIONS
RATIO CATIONS:AMIONS
TOS C(SUMMATIONS
IONIC STRENGTH

mg-L

3988.00
1198.80
129608.080
1880.00
8.808
8.88
50. 88
6.8

mg-L

91.80
B8.00
13200.00
21399.80
6,68

882.3

8rv.2

1.81
53711.0
1.16398

meg-L

194,61

97.86

Sel1.11

2v.62

b.oo
B.0e
1.14
0.00

meq-sL

1.49
B.0a

274.89
&0B. 85

meg-L
meg-L

mg~L

HEW COMPOSITION RFTER CaS04 PRECIPITATION

TEMPERATURE = 25.80

CATIOMS

CALCIUM <(Cad
MAGHESIUM <Mg>
SODIUM (Had
FPOTASSIUM <PO4)
IRON (Fel
MAHGANESE <Mn>
STRONTIUM <Sro
EARIUM «<EBal

AMIOHNS

BICARBOMATE (HCO2D
CARBOMATE <CO32
SULFATE <5045
CHLORIDE <C1J
FHOSPHRTE (PO4>

SUMMRTION OF CHRTIONS
SUMMATION OF AMIONS
RATIO CATIONS:ANIONS
TDS C(SUMMATIOND
IOHIC STREMGTH

CALCIUM SULFATE PRECIPITARTED

mg~-L

1avv.11
1158.88
129008.68
1630, 8d
.66
@.88

S8. 06
B.006

mg-L

91.068
.60
6434, 37
21388.88
.80

741.5
736.3
1.81
44122.5
. 88226

G.88

meg-L

53.73
97.886

961.11

27.62

8.0806
@.86
1.14
6.08

meq- L

1.49
8.080

133.99
688. 83

meg-L
meq-L

mg-L

70.4313
9.5885
126

8.5

mmoles L
g-L

mmoles L

97.385
48.947
S61.114
27.620
B.0006
b.o8ee
571
B.80806

mmoles L

1.451
6,600
137.414
6868.795
g.8i50

mmoles~L

26.874
48.947
S561.114
2v.628
6.00648
@.000
571
B.0084

mmoles L

1.491
©.000
€6.983
688,795
0.0068



L.18.14 R2ZE peak

CATIOHE

CALCIUM ¢Ca)
MAGNESIUM (Mg
SODIUM (Hal
POTASSIUM ¢PO4D
IRON ¢Fed
MAHGAHESE <Mn
STROMTIUM ¢Srd
EARIUM ¢Ba)

ANIONS

BICARBONRTE C(HCO3D

CARBOHATE <CO32
SULFATE (5040
CHLORIDE <C1o
FHOSFHATE <PO4>

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS:ANIONS

TDS (SUMMATIOND
IONIC STRENGTH

mg-L

4568 .88
1774.68
155682, 88
1370.0608
508

B.88
43.6808
.88

mg-L

122.0688
B.8g
1196806, 808
32P006.08
8.0

18808.8
1152.5
« 94
67z211.6
1.42¢e22

2
1

meq- L

24.55
45.89

674,29

2
9

meq-L
meqg-L

mg-L

HEW COMPOSITIOW AFTER Ca504 PRECTPITHTION

TEMPERATURE =

CATIONS

CALCIUM <(Cal
MAGHESTIUM (Mgl
SODIUM CHa)d
FOTASSIUM (PO4>
IRON CFel
MANGAMESE <(Mno>
STROMTIUM (Sro
EARIUM <Ba>

ANTIONS

BICARBOMATE C(HCO3D

CAREBONRTE <(CO32
SULFATE (504>
CHLORIDE <Cl12
PHOSPHRATE <(PO42

SUMMATION OF CRATIONS
SUMMATION OF ANIONS
RATIO CATIONS:AMIONS

TDS (SUMMATIOND
IONIC STRENGTH

CALCIUM SULFATE PRECIPITRTED

25.80

ol

mg-L

lerl.21
1774, 60
15562.08
1378.488
.68

B.80
43.88
8,80

mg-L

122.088
8.0808
S121.90
32000.80
8.8

939.6
1811.3
.93
57e85. 4
1.14397

nu

1
&

1
9

meq-L
meqg-L

mg-L

re.3611
2.6862
127

25.84
.82
@.84a
.98
8.0

meg-L

2.88
8.08
47.81
Bz2.68
6.088

meq~-L

832.43
45.89
74.29
35.04
.82
0.0
.95
g.00

meg<L

2.00
@.808
B5.66
B2.68
@.88

mmoles L
g-L

mmoles L

112.27S
72.968
674.292
35.837
811
g.0088
491
0.0688

mmoles~L

1.999
B.000
123.881
9B82.683
8.BoY

mmalessL

41.714
v&.368
674.293
35.837
.811
B.008

. 491
a.668

mmoles L

1.999
a8.0808
52.328
9B2.663
0.0088



CATIOHS

CALCIUM <Cal

MAGHESTLM Mg
SODIUM CHal
FOTASSIUM CFO43
IROH CFel
MAMGAMESE <Mn2
STROMTIUM €35k
ERREIUM CEad

AHIOHS

EICARBOMATE CHCO3
CARBOMARTE cC02)
SULFATE <5040
CHLORIDE CC1o
FHOZFHATE (P04

SUMMATION OF CATIOMS
SUMMATION OF AMIOMS
RATID CATIONS: AMIONS
ToES CSUMMATIONS
IOHIC STRENGTH

oW ononon

mg. L

DO D0
Dot B o VR LU o R A%

Lo D) o=

fa
B I (]
i LU A
DoUROCRE WU 1)

A
Lo T v

1145.2
1152.5
99
53425, 6
1.3819%

meg- L
mege L

mg-L

HEW COMFOSITION PFTER CaS04 PRECIFITATION

TEMFERATURE = 25.86

CRTIONS

CRLOIUM CCal
MAGHESTIUM (Mgl
SOOTUM CMHad
FOTRSSIUM CPO4>
IRGH <Fel
MAHGARMESE <Mro2
STROHTIUM <352
EARIUM CBal

AHIONS

BEICAREBOMATE <HCO3
CAREBOMATE <032
SULFATE <S50d4:
CHLORIDE <C13
FHOSFHATE <FO42

SUMMATION OF CATIONS
SUMMATION OF AMIOMNS
RATIO CATIONS:AMIONS
TOS CESUMMATIOND
IOMIC STREMGTH

CHLC T UM

SULFATE PRECIPITATED

mg« L

58,21
1248, 848
Za5p0. 88
137R. 88
.58

8. 848

42. 088
g.06

mg-L

1zz.809
g.84

.7 meqsb
8 meg-L

4 mg-L
H

w o

)

L OBV oCRE 1 PR G LN
DOl A SRR

Pt
[xx)
= Ol

o
4o
=

[OOSR B U (N ]
G T &I
Loy I R o B v |

i

RY i ()

meq-L

47.81
i18.28
291.69

25,484

.82
.08
. 98
A.88

meq-L

T
o O
=R 0D I P
[Ly e L P L)
LUl s R TN I O

mmoles L
g-L

mmsles-L

o

DOUREN I
R e 0RO

[3x3

(xR R 5 BT W S O
[Tl KU ot B X e |

[oUR S O U o R

[ax(}

mmoles L

LW

[ 0

[ L EY I g
= Ty O3 T
Do R OB A ]
W @2

.,.
5
.

mmolesL

@
[TRRK W R B (K

o=

Gy Ty = W0
OF o =
i B U8 Bt Bt |

=
-
—

§.8848
491
B.8809

mmoles~L

1.999
g.008
94,148
902.683
8,888



L.22.15 R2E pe=ak

CATIOHS

CRLCTIUM <Cal
MAGHESIUM <(Mg>
SODIUM CHal
FOTASSIUM CPO42
IROM tFel
MAHGAHESE YMn3
STRONTIUM CSr3
EARIUM CBad

AMIONS

BICARBOMATE CHCOZ2
CAREOHATE (CO3>
SULFARATE <5040
CHLORIDE <C3y2
FHOSFHATE <FG4>

SUMMATION OF CATIONS
SUMMATION OF AMIONS
RATIO CATIOHMS:ANIOMS
TS CSUMMATIOND
IONIC STRENGTH

HEW COMPOSITION AFTER Ca504 FRECIFITRTIOH

TEMFERATURE = 25.806

CATIONS

CALCIUM (Cax
MAGHESTIUM (Mg
SODIUM CHax
FOTASSIUM CPO4>
IROH CFel
MAMGARMESE <Mnd
STRONTIUM Sk
EARIUM <Eaa

ANIONS

EICAREOMATE CHCO33
CHREBOHRATE (CO23
SULFATE <S042
CHLORIDE <C12
FHOSFHATE (FPO4>

SUMMATION OF CRATIONS
SUMMATION OF AMIONS
RATIO CATIONS:ANIOMS
TOS CSUMMATION
IOWIC STRENGTH

CALCIUM SULFATE PRECIFITHTED

mg- L gl
4e4@, 34 231.54
1737.86 142.85
23088, 80 1660.43
1558, 08 39.84
G.88 4,048
6.806 6.8
47 .88 1.87
8.84q 0.08
mg-L meg- L
112,08 1.93
B. 04 8,08
12€88.4848 262.39
32860.498 925.25
g.84a 6.08
1415.5 meqg-sL
118%2.6 meg-le
1.19
red432.8 mg-lL
1.62143
mg-L medq-L
1673. 684 23.49
1737.88 142.85
2268088, 480 1686.43
1558. 88 39.64
@.a8 B.088
B.08 8,08
47 .88 1.67
8.4846 8.88
mg-L meg-L
112.88 1.93
8.88 B.68
5439.487 114.31
325880.80 925.25
B.08 a.68
1267.5 meq-L
1841.5 meqg-L
1.22
ced414.1 mg-sL
1.32532
= 74.825% mmoles~L
= 18.8779 g-L

129

mmoles~L

115.7683
rl.446
1680.435
39.6408
6.088
©.0008

. 536

0. a8

mmoles~L

1.934
6.008
131.168
925.16%
B. 808

mmoles L

41.742
Fl.44¢
1B0G. 433
39.c48
8.0068
6.088

. 536
@.000

mmoles L

1.934
.00
S7.142
925.169
b.68088



L.22.15 R2E avg

CATIONS

CALCIUM cCad
MAGHESIUM <(Mg>
SODIUM CHad
FOTASSIUM C(PO4>
IRQN CFed
MRMGANESE <Mn)
STRONTIUM (Si2
BARIUM (Bal

AHIONS

EICARBONATE C(HCO32
CARBOMATE <CO3>
SULFATE <S040
CHLORIDE <C15
FHOSPHATE (FO4>

SUMMRTION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS: ANIOHS
TDE (SUMMATION?
I0OHIC STRENGTH

MEW COMPOSITIOW AFTER CaS04 PRECIPITATION

TEMFPERARTURE = 25.88

CATIONS

CALCIUM <Cad
MAGHESIUM Mgl
SODIUM C(Ha>
FPOTRSSIUM C(FO45
IRON CFel
MAHGAMESE <Mno
STRONTIUM (Sro
BEARIUM CEad

AHIOHS

EICARBOMATE «HCOZ
CARBOMATE «<CO32
SULFATE (5047
CHLORIDE <C12
FHOSFHATE CFO42

SUMMATION OF CRTIONS
SUMMATION OF ANIONS
RATIO CATIONS: ANIONS
TOS CSUMMATIOND
IOMIC STRENGTH

CALCIUNM

SULFATE PRECIPITATED

mg-L meq-L
26268.688 128,74
147@a.88 128.89
21780.080 943,89
155060.088 39,64
a.ee Q.84
8.68 B8.80
47 .00 1.87
8.808 a.8dq
mg- L meg-L
118.086 1.93
g.88 g.86
12c08.68 262,39
3230908.008 925.25
a.08 a.88
1236.2 meqg~L
11839.6 meg-L
1.94
72985.8 mg-L
1.47839
mg~-L meq-L
1814.52 58.62
1478.08 128.89
21780.08 943,89
1558.88 39.64
B8.08 B.908
B.aa d.848
47,808 1.87
B.982 8,486
mg-L meq-L
113. 886 1.93
8.088 g.80
8v352.13 122.2¢6
328060.088 925.25
B.08 8.88
1156.1 meg-L
1189.4 meq-L
1.04
67431.6 mg-sL
1.3181e
= 48,8569 mmolessL
= S.4534 g-L

130

mmales~ L

63.369
58,464
943,889
39.648
a.eag
8,688
.5338
@.0800

mmoles-~L

1.934
a.0080
131.168
325.169
B.50648

mmoles L

25.312
€8.464
943,289
39.648
8.00608
6,089
<336
B.8808

mmolessl

1.934
8.000
F1.111
925,189
8.806



L.23.19 R3E peak

CATIONS

CRLCIUM <(Cal
MAGHESIUM <Mg>
SODIUM (Mad
FOTASSIUM C(PO45
IRON CFel
MAMGANESE <Mn2
STRONTIUM (Sr3
EARIUM CBad

ANIONS

EICAREBOMATE C(HCO3D

CARBONMATE «<CO32
SULFRTE <3045
CHLORIDE <C1D
FHOSPHATE <PO4>

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONWS:ANIONS

TS (SUMHMRTION?
IOHIC STREMWGTH

[ [ I (B 1

MEW COMPOSITION AFTER CaS04 PRECIFITATION

TEMPERATURE =

CATIOMNS

CALSIUM «Cad
MAGHESIUM <Mgo
SODIUM (Has
FOTASSIUM <POD4>
IROM CFed
MAHGAHMESE <Mno3
STROHTIUM cSro
EARILUM (Bal

AHIONE

EICAREQNATE CHCO3>

CARBOMATE (CO33
SULFATE <5040
CHLORIDE <C12
FHOSFHATE (P04

SUMMARTION OF CATIOHNS
SUMMATION OF AWIONS
RATIO CATIONS: ANIONS

TDs <SUMMATION?
IOWMIC STRENGTH

CALCIUM SULFATE PRECIPITATED

25.088

mg-L meq-L
2120.08406 4B8.18
2199.468 136.84
23860.889 1688.43
16608. 80 42.46
a.84q B.08
6.60 0.048
47,78 1.89
6.8 8.60
mg-L meq-L
_7.93 .13
a.p8 8.a8p8
13800 .04 391.508
29486.,008 g829.34
8.80 8.80
1633.8 meqg-L
1221.8 meq-L
1.34
83294.6 mg-L
1.91774
oC
mgL meq-L
2158.77 187.32
2139.080 124.84
226P6.00 1008.43
1668.088 42.46
B.a88 6.86
8.a8 a.08
47.78 1.89
b.88 a.86
mg-L meq- L
7.93 .13
B. a8 B.86
4349,.78 98,58
29400, 840 229.324
a.a0 a.a0
1332.1 meg-L
928.8 meq-L
1.45
62815.1 mg~-L
1.31682
= 158.4299 mmoles-L
= 28.4795 g-L

131

mwmoles~ L

Zp4.892
90.449
18688.435
42.453
B.00608
0.o008

. 544
6.088

mmaoles L

. 138
0.600
195.711
829.267
@8.000

mmoles~L

53.662
26,449
1688.435
42.452
a.000
8.008
544
8.80608

mmoles-L

.138
8.0v8
45.281
829.267
8.0888



L.253.19 R3E aug

CRTIOHS mg<L
CALCIUM CCa 4130.88
MAGHESTUM Mg 1290.04
SODIUM <(Hal 28580, 80
FOTASSIUM CPQ4: 16648.a9
IROH ¢Fed a.e88
MAHGAHESE <Mne @.a8
STROHMTIUM ¢Sro 47.74
BARIUM “Eal B.849

AMIONS mg-L
EICAREOHATE CHCO33 7.3
CARBOMATE <CO32 6.aa
SULFATE <5043 153848, 680
CHLORIDE o132 29486.80
PHOSPHRTE CPO43 8.88
SUMMATION OF CRATIOHNS = 1251.8
SUMMRTION OF AMIQNS = 12zt.a
RATIO CATIONS:AMIOHNS = 1.83
TOS CSUMMATIQN = 79935.8
IOHILC STREMWGTH = 1.58886

meq-L

Z2Bs5. 83
1Bs.69
296,84

42.46

B.806
6.an
1.8%
8.008

medq-L

.13
.84

391.38
829.34

meq-L
megeL

gL

HEW COMPOSITIONM AFTER CaSod4 PRECIPITATION

TEMPERATURE = 25.80 ot

CATIOKWS mg- L
CALCIUM (Cad 795.85
HAGHESIUM (Mgd 1290,.04
SODIUM <Hal 2PEBH,. 80
FOTASSIUM CPO40 166@. 0@
IROM (Fe&) &, 60
MAMGAMESE <Mnd a.a80
STROMTIUM (Sr) 47,74
BARIUM <Bad B. 88

AHIONS mg-L
BICARBOMATE ¢HCOZ: 7.93
CARBOHATE ©CO3) a. 98
SULFARTE (S04 18893, 92
CHLORIDE <C13 29400, 60
FHOSPHATE (P04 a.98a
SUMMATION OF CATIONS = 18585, 4
SUMMATION OF ANIOHS = 1854. 6
RATIO CATIOMS:ANIONS = 1.83
TDS CSUMMATIOND = £4616.5
IONIC STREMGTH = 1.25592

CALCIUM SULFATE FPRECIFPITHTED

G.88

meg-L

39.71

186,89
296,84

w P

meq-L
megsL

mg- L

23.1873
11.3251
132

[ S (]

42.46

0.88
H. 80
1.9
B.06

megoL

G @
) &G e
Lo J R« B L ¥

mmoles L
g-L

mmoles- L

193,844

53.868

296,842

42,4533
@.604
B.8848

« 544
B.8008

mmoles<L

. 138
&. 888

195.711
829.267

g.8ea

mmoles. L

19.857
S5Z2.060

S5, 842

42.453
6,888
@.a8008

« 044
8.888

mmoles L

. 138
8,890

112.524
B29.287

a.888



L.24.11 R3E peak

CATIOMNS mg-L
CALCIUM fCal rr4d. 88
MAGHESIUM Mg 1els. 88
SODIUM CHal 2141z.848
POTRSSTIUM CPO4> 1478,.084
IROM CFel B.848
MAHGARHESE <Mn? G.88
STROMTIUM 0S¢0 41.08
EARIUM CBad 3. B8

AHIOHS mg- b
EICAREOMATE CHCO3 &7.18
CARBOMATE <CO3 a.4aa
SULFATE <5042 12198.808
CHLORIDE «C12 2678EB. 8
PHOSFHATE (P04 .88
SUMMATION OF CATIOMNS = 1489.1
SUMMATION OF AMIONS = 1131.2
ERTIO CATIOHS:ANIOHS = 1.32
TDS <SUMMATIOND = Frld4v.1
IOHIC STREMGTH = 1.7585%
NEW COMPOSITIOW AFTER Cat04 PRECI
TEMFERATURE = 25.88 ol

CATIONS gL
CALCIUM «<Cal 15992.,.82
MAGHESIUM <Mg> 1616. 88
SODIUM CHal 21413.868
FOTASEIUM (PO4) 1470. 0848
IROH «Fe>d g.08
MANGAMESE (Mrod g.08
STREONTIUM CSr2 41.088
EARIUM CEBal )

AHIONS mg- L
BEICARBOHMATE <CHCO3D E7.14
CRREOMATE CCO30 B. 648
SULFRATE <5040 4225.71
CHLORIDE «<C12 derYPB. 88
FHOSFHATE CPD42 8.a88
SUMMATION OF CARATIOMS = 1282.3
SUMMATION OF AMIONS = 244.4
RATIO CATIONS:AMIONS = 1.42
TOS CSUMMATIOND = 57625.8
IOHIC STREWGTH = 1.184598

CALCIUM SULFRTE PRECIFITRTED

meg«L
386,23
13z.89
931.46
37.ed
B.,048
A, 6848
.94

A, 648
meq-L

S0 WO &
[ o
DA TR OV U ]

I T
LA B |

meq- L
meg-sL
gL
FITRTIOH

meg-L

99,44

132.89

931,448

37.68

8.8

d.80

. 94

B.a8

meq- L

1.18

B.98

98,68

Fa3.17

8.88
meq-L
meq- L
mg-L

mmoles~L
g-L

143.32926
19.521S
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o
LR O B a Y u

SE o Ty L

L R

=] =
LR U

w
Wl M

G e

mmoles L

114
459
485
094
L Bag
BaE
11
. BBE

o=

mmales L

Do I GO o B
LA LR I o)
(=X I SR L Y]

mmoles~<L

i)

.72l
455
485
594
. 6oB
. 008
L4468
. BB

o=

mmales L

S W@ -
0o 3OS -
G~ &
LUl I w i ]



L.24.11 R2ZE avg

CATIONS

CALCIUM <Cad
MAGHESIUM (HMg2
SODIUM <Hal
FOTASSIUM (PO4D
IRON CFed
MANGRHNESE (Mno
STROHTIUM <SSk
EARIUM (Ba>

AHIOMS

BICARBOMATE <HCOZ)
CARBONATE <CO3)
SULFATE <5042
CHLORIDE (L1
PHOSPHARTE <PO4)

SUMMATION OF CATIONS
SUMMATIOH OF -ANIONS
RATIO CATIONS:ANIONS
TDS (SUMMARTIOND
IOHIC STRENGTH

nunwnann

mg-L

3688.08 1

1278.08 1

195808.80 g
1478, 08
8.808
@.a9
41.808
B.648

mg-oL

67.18

B.ag
1231806.80 3
26708.868 7

g.806

1187.8
1131.2
1.85
7i1z8.1
1.49242

meq-L
meq-L

mg-L

HEW COMPOSITION AFTER CaS04 PRECIPITATION

TEMFERATURE = 25.80

CATIONS

CALCIUM {Cad
MAGHESIUM <Mgd
SODIUM <Ha
POTASSIUM (PO4D
IRON <Fe’
MAHGAMESE CMn3
STRONTIUM <(Se2
BARIUM (RBal

ANIOHNS

BEICARBONATE <HCO3>
CARBOMATE <(C0D3>
SULFRTE (S04
CHLORIDE <C12
FPHOSPHATE <PD43

SUMMATION DF CATIONS
SUMMARTION OF ANIONS
FATIO CRTIOMS:AMIONS
TDS C(SUMMATIOM>
IONIC STREMGTH

CALCIUM SULFATE PRECIFPITATED

Hiwuwuu

mg~L

v51.61
1278.60 1
19800, 688 g
14708.80
o.ad
G.80
41.08
8.p0

mg-L

67.18
a8.80
11881.51 2
2E780.00 7
B.00

1841.7
985.8
1.86

£1181.2

1.28016

meg-L
meq-L.

mg-L

73.8636
9.9489

134

meq-sL

83.63
B4.44
&61.24
37.649
8.00
8.084
. 94
B. o4

meq- L

1.18
8.08
76.93
53.17
Bg.as

meq-sL

37.51
B4.44
c1l.24
37.80
0.08
@.84

« 94
6.80

meq~L

1.18
0.080
38.77
53.17
B.80

mmoles~L
g-L

mmoles~L

91.816
52.238
861.244
37.594
B.880
6.0848
468
8.800

mmolessL

1.168
@.8008
188.424
r593.118
é.0888

mmoles-~L

18.758
52.238
261.244
37.594
@.000
0.080

« 468
o.0800

mmoles-L

1.1088
8.0080
115.3608
733.110
B.008



L.26.14 R2E peak

CATIOHS

CRLCIUM (Cal
MAGHESIUM (Mg>
SOLIUM cHa
POTASSIUM CFPO42
IROM CFel
MAMGAHESE <(Mn>
STRONTIUM (Sr2
EARIUM (Bad

ANIOMNS

BICARBONARTE C(HCO3)
CAREBOMATE <CO3>
SULFATE <504
CHLORIDE (C12
FHOSPHRTE <PUO42

SUMMATION OF CATIONS
SUMMATION OF ANIONS
RATIO CATIONS:ANIONS
TDS CSUMMATION?
IDNIC STRENGTH

HEKW COMPOSITION AFTER

TEMPERATURE = 25.40

CATIONS

CALCIUM {Cal
MAGHESIUM <Mg>
SODIUM (Ha>
FOTASSIUM (PO4D
IROM (Fel
MAHGAHESE tHMno
STROKRTIUM <Sro
EARIUM CBad

AMIOMNS

BEICAREBONATE CHCD3)
CAREBOHARTE <CO3>
SULFATE <S04
CHLORIDE <C1>
PHOSPHATE <POD4>

SUMMATION OF CRATIOHS
SUMMATION OF ANIOHWS
RATIO CATIONS: ANIONS
TDS <SUMMRATION)
IOHIC STRENGTH

CALCIUM SULFATE PRECIPITATED

mg-L

450068.008
1895.688
238080.80
1748.080
0.B08
8.0806
.90
a.68

mg-L

67,10
8.88
15660. 088
3z2ve8.08
B.00

1438.4
1248.4
1.13
796865.68
1.69451

2
1
18

3
9

meq-L
meq-L

mg-L

Ca504 PRECIPITATIOHN

ol

mg-L

1233.23
1595. 00
229P0.00
1740.808
@.008
8.04a
3.98
0.488

mg-L

&7.18
a.88
7538.84
32760.00
B. 66

1262.4

¢ lese.d4
1.17

63170.1

1.35858

1
18

1
9

meq-L
meq~-L

mg-L

g4.06812
11.4359

1356

meg-L

29.54
55.84
BBe.43
44,58
o.e8
8.60
.89
B.88

meq-sL

i.1@
B.8o6
24.86
22.43
8.008

meq~-L

€1.54
55.84
B80.43
44.506
9.88
0.00
.89
8.008

meq-L

1.18
B.86
56.83
22.43
a.a8

mmoles L
gsL

mmoles~L

114.778
77.945
1608.435
44.499
8.pDB4
g.060
945
A.0600

mmoles~L

1.180
8.806
162.399
922.3248
B.DBoB

mmoles-L

38.769
77.945
1680.435
44,499
6.000
8.0080

. 843
8,086

mmoles~L

1.160
8.0600
78.397
922.348
B.0808



e v ——— . - o — Vo M Mt v W e - T U e R S ——

CRTIONS mg- L meq- L mmolessl
CALCTIUM <Cad 248 . 848 121.74 &5, 868
MAGHESIUM <Mg? 1358.88 111.82 $5.528
SODTUM (Had fzles.qe 9&1.29 961,282
FOTASSIUM CPD4> 1vd46. 84 44,56 44,499
IROM CFed B.8a &, od 0,869
MANGANESE <HMnr2 B.88 a.88 g, 840
STRONTIUM (S5r2 3.98 LRl . 945
EARIUM CBal @.00 g, a4 &. 000

REHIOMNS gL fs gL o lessL
BICAREBOHMATE <HCO3X 67.18 1.18 1.188
CARBOMATE CCO302 8.868 B.a68 B.6008
SULFATE <S043 156089, 848 324. 86 162.399
CHLORIDE <C13 327008.00 9zz2.43 Q2E. 348
FHOSFHATE <FPO4D a.84 6,08 B.9888
SUMMATION OF CATIOWS = 1242.6 meq-L
SUMMATION OF AMIONS = 12438.4 meqg-L
RATIO CATIONS:AMIONS = 1.08 .

TOE CSUMMATION: = Tezel1.8 mg-L
IOHIC STREMWGTH = 1.53238

HEW COMPOSITION RFTER Ca%0d4 PRECIPITATION
TEMPERRTURE = 25,84 ol

CATIONS mg-L megsL mmolessl
CALCIUM <Cal 288,55 48,37 z@. 124
MAGHESIUM <Mg3» 1258. 84 111.482 55.528
SODIUM (Haz 22188.89 251,29 B61.288
FOTASSIUM <PO4D 17V40. 88 44,34 44.493
IROM CFel 0.686 B.498 8.b88
MAHGANESE <Mn> B.98 B.88 B.088
STEOMTIUM <S5k .98 .89 . 045
EARIUM ¢Eal B.86 O.688 @.0085

AMIONS mg- L meg- L mmoles L
EICARBOHATE c<HCO3X &7.108 1.10 1.188
CARBOHATE <CO2) B.946 8,68 B.8808
SULFATE <S043 11211.52 23z.48 116.714
CHLORIDE «<C12 32796.940 22.43 922.348
FHOSFHATE <PO4> 9. 048 8.48 B.B048

SUMMATION OF CATIOHS
SUMMATION OF RAMIONS

1157.3 meq-L
1157.8 meqg-L

RATIO CATIONS: AMIONS 1.0
TDS CSUMMATION: £9381.3 mg-L
IODHIC STRENGTH 1.34936

45,6848 mmoles~L
6.2195 g~-L
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m-1664 (3-77) COMPUTATION SHEET

wureau of Reclamation * U.S. Government Printing Office: 1977-779651
BY DATE PROJVECT
{ SHEET OF
CHKD BY DATE FEATURE
DETAILS *
Exhaustion File 1

Cyc\e# [.01.0/ A

\ . L ]

ComPoS.th'Oﬂ :F-1

Desiced ACTUAL

Temp: 15°C Temp.; 17°C

Flow Ratfe: \\m\'§ Flow Rate: 1.5 ml/s
Selution F-1
DESIRED !CTU E L

. L Na 2.8 meg /i Ca
11 mu;{l. MZ : meq./, 11.8 mccl/'//_ my 89.6 me?_/L Na
%L} e 072&/ anvnivéd e ixchawtion o '"}lf faft4,nn A a lzfﬂ/'rbr/ W
be a trail aé aiﬂixzmrml cg thuy were ﬂf”g P"*’{léﬂ'mﬁ wn -tAp sl % m;c/(
on mwﬁﬁ.‘a axrd ne /wf/('aﬂw wew v soredd wn'th -the yitem,

Cyde ¥

rigki
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|

_Record of Samgles Taken
Cyc\e numbes 1.0L.0L A Date #/11/80

Somple. number | Yime taken| location Comments Bed Volumes
1 10:17  [EfPluent- Serviee 03
2 2 | ¢ al 69
3 2 | : 138
4 10:3%F | " 2%.b
5 o | x 41 4
6 |[10:5% | " e 5% .2
ks 11°02 | Yawk - Service 0
8 | 0% | efhuent-Serid €.0
9 s a " 828
10 1127 ~ " Ab.b
11 11 3% ' " 1164
12 1143 - . 124.2
13 | 121+ © " 165.6
14 12:23 | o " 179.4
15 L3 o X 193 2
16 12:43 | » v 20%
1t st | ) 220.8
18 1308 . " 234.6
19 1313 | . " 248.4
20 13727 | ) 262.2
20 | 13133 i 276.0
22 13143 [ o “ 140 289 .8




o]

Date of C)’C\e -7'"'80 Date of Ar\a\ysis

Cyc\e number _J. 0101 A

7% | lewsfslca g V| - | IITDL lﬂ
BTN I v L R 2 I A s ]
09 | |Ls] ‘,ww. 751 vez |zl %M;ﬂw 8
G N 0 7 P e < I
255 , n..%_.g..mw\;_m._,,,x -w..m..r e %.w o W9
o wg| | 9| vE gy ‘“ﬂ,m.m‘wmm.m-b%o__oﬁ.ww.i L
) 59 | m._.ww\-o-www ag| og| QL & cbrmuxc;@ilim -J
S I I I e s s L L
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Cyde nomber J.010L A Date o Byc\e FUR  Date of Aralysis

UL s T e
2292 B 96| 99|78l ,.,.w.\.mm, y2z| omﬂ.ﬁw‘.m me:. o 02
Zel (297 e [ree] coEpha e | 5! |
RN e e e
T R P i T PR e 2 T
I 1 L P P A e o R 4
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EXHAUSTION for CYCLE 1.01.01A Date:
OBS # BED VOLS Ca meq/L Mg meq/L
1 0.30 0.00 3.50
2 6.90 0.00 3.00
3 13.80 0.27 1.23
4 27.60 0.40 3.40
5 4] .40 1.12 7.48
6 55.20 5.70 11.80
7 69.00 12,00 15.60
8 82.80 16.80 14.00
9 96.60 18.10 15,50
10 124.20 22.00 13.20
11 193,20 . 23.40 11.20
12 262,20 22.40 13.20
Influent 21.80 11.80
Conc Ratios (C/C0):
1 0.30 0.00 0.30
2 6.90 0.00 0.25
3 13.80V/ 0.01 0.10
4 27.60 0.02 0.29
5 41.407 0.05 0.63
6 55.20 7 0.26 1.00
7 69.00 0.55 1.32
8 82.80 0.77 1.19
9 96.60 0.83 1.31
10 124.20 1.01 1.12
11 193.20 1.07 0.95
12 262.20 1.03 1.12
Average effluent 16.51 11.27
Total resin capacity 1.38 0.14
At Breakthrough point of 6.00 meg-Ca/L
Effluent 55.86 6.00 11.98
Average effluent 1.20 5.11
Resin capacity 1.14 0.37
At Breakthrough point of 12.00 meg-Ca/L
Effluent 69.00 12.00 15.60
Average effluent 2.70 6.77
Resin capacity 1.31 0.35

145

7/11/80
Na meg/L

0.50
126 .30
130.00
120.00
117.00
109.50

97.00
96.30
93.50
80.00
93.00
93.80

89.60

0.01
1.41
1.45
1.34
1.31
1.22
1.08
1.07
1.04
0.89
1.04
1.05

95.84

-1.64

108.90
113.35
-1.32
97.00

111.36
=1.50



oL

meq/L

Effluent Conc,

130

135 |}
120 |
185 |
90 |
72 |
60 |
435 |

f — ~+ Mg

30
15
%

AN

EXHAUSTION for CYCLE 1.01.@1A

+ Na

Q 8 8 8 8
m O O « W

—f i

BSCI VO ]. umes

180
210
240 |
270
300 |




REGENERATICON for CYCLE 1.01.01B

OBS #

S Ut W

Influent

BED VOLS

0.30
1.86
3.35
3.72
7.44
11.16
14 .88

Average effluent

Total resin capacity

Ca meqg/L

0.10
45.10
32.90
16.70
13.10

8.80

5.70

31.00
15.48

0.23

147

Date:

Mg meq/L

2.60
11.90
7.10
4.30
2.60
2.40
3.10

36.00

7/15/80

Na meq/L

0.90
700.00
1046.00
1236.00
1320.00
1410.00
13€6.00

1420.00
1166.71

3.40



8¥i

meq/L

Effluent Conc,

150 REGENERATION for CYCLE 1.0@1.

B1B

135 |
120 | r/
105 |
ag |
75 |
60 |
45 |
37 |
15 |

——a Na

Bed Volumes




EXHAUSTION for CYCLE 1.01.01B Date:
OBS # BED VOLS Ca meq/L Mg meq/L
1 0.30 0.20 1.56
2 14.16 0.78 1.57
3 28 .32 2.20 5.25
4 42,48 8.50 12.10
5 56.64 16.20 13.00
6 66.55 19.80 12.30
7 70.80 20.70 12.60
8 77.80 19.10 14.40
9 87.79 22.20 10.50
10 101.95 23.80 11.10
11 1l6.11 24.80 10.50
Influent 24.30 22.70
Conc Ratios (C/CO0):
1 0.30 0.01 0.07
2 l4.16 0.03 0.07
3 28 .32 7 0.09 0.23
4 42.48 - 0.35 0.53
5 56.64 « 0.67 0.57
6 66.55 0.81 0.54
7 70.80 0.85 0.56
8 77.80 0.79 0.63
9 87.79 0.91 0.46
10 101.95 0.98 0.49
11 116.11 1.02 0.46
Average effluent 13.46 9.27
Total resin capacity 1.26 1.56
At Breakthrough point of 6.00 meg-Ca/L
Effluent 36.86 6.00 9.38
Average effluent 1,72 3.62
Resin capacity 0.83 0.70
At Breakthrough point of 12,00 meg-Ca/L
Ef fluent 48 .92 12.00 12.51
Average effluent 3.49 5.60
Resin capacity 1.01 0.83
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7/15/80
Na meq/L

3.02
137.30
128.30
112,50
105.50
102.50
103.00
102.50
102.50
101.00
102.50

108.50

0.03
1.27
1.18
1.04
0.97
0.94
0.95
0.94
0.94
0.93
0.94

105.29
0.37

118.77
106 .89

0.06
109.32

108.43
0.00



0§l

meq/L

Effluent Conc,

160 _
140 |
120 |
188 |

EXHAUSTION for CYCLE 1.021.01B

—a Na

—a Ca

R

Bed Volumes

N O
EQ —
2o | i

120 | 2




REGENERATION for CYCLE 1.01.02X Date:

0BS #

o~ wpp

o
B WO

Influent

BED VOLS

0.12
1.1¢€
2.23
3.65
4.47
5.17
5.64
7.06
§.23
9.53
10.58
11.76
12.94
14.11

Average effluent

Total resin capacity

Ca meq/L

0.59
0.20
597.80
317.50
236.10
175.00
141.70
105.80
76.40
66.00
62.70
42.00
44.C0
40.00

36.70
144.10

-1.50
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Mg meq/L

1.80

0.58
80.20
58.50
50.90
60.20
79.80
49.00
39.60
36.00
31.30
42.00
46.00
36.00

26 .20
45.01

-0.26

7/16 /80

File 4

Na meqg/L

4,00
6.00
774.00
1106 .00
1210.00
1254.00
1060.00
1230.00
1286.00
1278.00
1334.00
1372.00
1410.00
1370.00

1400.00
1081.07

4.46



¢4l

REGENERATION for CYCLE 1.@1. 82X

Bed Volumes




EXHAUSTION for CYCLE 1.01.02X Date:

OBS # BED VOLS

0.30
13.32
26.64
39.96
53.28
66.60
82.58
91.91

O~NAUD W

Influent
Conc Ratios (C/C0):
0.30
13.32
26.64(
39,96 7
53.28 ¢
66.60"
82.58
91.91

O~V WN -

Average effluent

Total resin capacity

At Breakthrough point of

Ef fluent 53.71

Average effluent
Resin capacity

At Breakthrough point of 12.00 meq-Ca/L

Effluent 62.21

Average effluent
Resin capacity

Ca meqg/L Mg meq/L
0.20 2,60
0.20 2.00
0.39 3.11
1.40 4.10
5.70 13.70

15.10 13.70
18.40 13.20
18.80 13.70
22.70 0.50
0.01 5.20
0.01 4.00
0.02 6.22
0.06 8.20
0.25 27.40
0.67 27.40
0.81 26.40
0.83 27.40
7.05 8.22
1.43 -0.71
6.00 meg-Ca/L
6.00 13.70
1.28 4.43
1.14 -0.21
12.00 13.70
2.34 5.70
1.26 -0.32
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7/16 /80
Na meq/L

5.50
126.30
126.30
116.50
110.50
102.30

94.50
94.00

93.30

0.06
1.35
1.35
1.25
1.18
1.10
1.01
1.01

104.12

-0.99

110.24
107.03

-0.73
105.00

107,11
-0.86



14}

meq/L

Effluent Conc,

130 .
120 |
110 |
1808 |
9@ |
80 |
70 |
60 |
o8 |
40 .
30 |
20 |
18 .

EXHAUSTION for CYCLE 1.081.082X

Bed Volumes




File 86

REGENERATION for CYCLE 1.01.02E Date: 7/25/80
OBS # BED VOLS Ca meq/L Mg meq/L Na meq/L
1 0.80 0.15 0.00 1.83
2 2.51 522.40 217.60 664.00
3 3.37 374.00 99.00 $20.00
4 4.71 223.70 63.33 1086.00
5 5.94 129.60 71.00 1248.00
6 7.53 98.00 27.00 1260.00
7 9.18 66.00 29.00 1274.00
& 12.85 46.00 31.00 1340.00
Influent 23.30 44.70 1340.00
Average effluent 163.59 €2.07 1070.5¢
Total resin capacity -1.69 -0.21 3.25

1566



9g1

140 _
., 12m ]
?}
o 1080 |
£
. 80 |
0
6
S 6@ |
2 o4
()
S 20
&
L B .

REGENERATION for CYCLE 1.0Q1.122B
//Na

Bed Volumes




EXBAUSTION for CYCLE 1.01.02B Date:

OBS # BED VOLS
1 0.30
2 16.10
3 26.83
4 40,25
5 53.66
6 67.08
Influent
Conc Ratios (C/CO):
1 0.30
2 16.10:;,
3 26.83
4 40.25
5 53.66
6 ©67.08

Average effluent
Total resin capacity

At Breakthrough point of
Effluent 29.01

Average effluent
Resin capacity

At Breakthrough point of 12,00 meg-Ca/L

Effluent 32.45

Average effluent
Resin capacity

Ca meq/L Mg meq/L
0.06 0.14
0.40 0.70
2,20 4,20

25.60 16.10
39.60 9.40
41.40 9.10
42.00 9.30
0.00 0.02
0.01 0.08
0.05 0.45
0.61 1.73
0.94 1.01
0.99 0.98
17.74 6.95
1.62 0.16
6.00 meg-Ca/L
6.00 6.13
0.92 1.54
1.18 0.22
12,00 9.18
1.79 2.19
1.29 0.23
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7/25/80
Na meq/L

0.50
151.30
143.00
107.50

99.30
94.80

101.30
0.00
1.49
1.41
1.06
0.98
0.94

107.04

~0.38

137,24
107.40

-0.18
128.13

110.11
-0.28



8g1l

meq/L

Effluent Conc,

160

140 |
120 |
108 |
80 |
b6l |
40 |
20 |

EXHAUSTION for CYCLE 1.01.082B

Bed Volumes




File 8

REGENERATION for CYCLE 1.01.03 pDate: 7/21/80
OBS # BED VOLS Ca meq/L Mg meg/L Na meg/L
1 0.47 0.10 0.30 1.54
2 1.63 130.00 €4.00 160.00
3 2.79 394.00 88.00 962.00
4 3.96 230.00 64.00 1152.,00
5 4.54 224,00 60.00 1180.00
6 5.12 156.00 54.00 1244.00
7 6.28 116.00 44.00 1254.00
8 7.45 86.00 43.00 1340.00
9 8.61 64.00 44,00 1362.00
Influent 24.00 44,00 1362.00
Average effluent 165.75 54,25 96%.76
Total resin capacity -1.15 -0.08 3.19

169



091

14008 _
13008 |
1208 |
1108 |
1803 |
900 |
800 |
708 |
6Ba |
SBa |
4008 |
300 |
200 |
100 |

7|

meq/L

Effluent Conc,

REGENERATION for CYCLE 1.01. 23

Na

Ca
. .-+ Mg

N

i

N < N O N~ 00O O

Bed Volumes




EXHAUSTION for CYCLE 1.01.03 Date:

OBS # BED VOLS Ca meq/L Mg meq/L
1 3.12 0.10 0.90
2 6.24 0.40 0.60
3 21.84 0.40 1.00
4 34.32 1.60 0.90
5 65.50 18.40 14.80
6 78.00 21.10 12.90
7 90.50 23.50 10.70
8 99.84 24.50 9.80
Influent 26.80 7.60
Conc Ratios (C/C0):
1 3.12 0.00 g.12
2 6.24 0.01 0.08
3 21.84§ 0.01 0.13
4 34,32 0.06 0.12
5 65.50 0.69 1.95
6 78.00 0.79 1.70
7 90.50 0.88 1.41
8 99.84 0.91 1.29
Average effluent 11.18 7.11
Total resin capacity 1.51 0.05
At Breakthrough point of 6.00 meg-Ca/L
Effluent 42,49 6.00 4.54
Average effluent 1.28 1.24
Resin capacity 1.00 0.25
At Breakthrough point of 12.00 meg-Ca/L
Effluent 53.62 12.00 9.50
Average effluent 2.99 2.52
Resin capacity 1.20 0.26
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7/21/80

Na meq/L

92.00
130.80
130.30
129.00
102.00
101.50
101.00
101.00

102.00

0.90
1.28
1.28
1.26
1.00
1.00
0.99
0.99

114 .60

-1.22

121.93
127.69

-1.01
112.29

125.36
-1.18
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File 10

REGENERATION for CYCLE 1.01.04 Date: 7/23/80
OBS # BED VOLS Ca meq/L Mg meq/L Na meq/L

1 0.30 0.10 1.17 1.59

2 4.68 114.00 46.C0 500.00

3 .64 §0.00 19.80 523.00

4 12,24 56.00 15.60 562.00

5 15.84 40.00 20.00 547.00

6 19.44 34.00 21.40 553.00

7 23.40 28.00 © 23,76 564.00

8 26 .64 27.80 20.80 553.00

S 30.24 24.80 23.00 556.00

10 36.00 24,30 21.00 563.00

11 41.40 26 .40 1§.70 547.00
Influent 22,20 23.10 577.00
Average effluent 43.09 22,14 518.01
Total resin capacity -0.86 0.04 2.42
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EXHAUSTION for CYCLE 1.01.04 Date:

OBS # BED VOLS Ca meq/L Mg meq/L
1 0.30 0.00 0.30
2 6.12 1.20 1.20
3 12.24 1.20 1.80
4 24,48 1.80 1,20
5 36.72 5.60 16 .00
6 48 .96 16.80 16.20
7 61.20 20.10 14.50
8 73.44 23.30 11.50
9 85.68 23.30 11.50
Influent 23.20 13.00
Conc Ratios (C/C0):
1 0.30 0.00 0.02
2 6.12 0.05 0.09
3 12.24 0.05 0.14
4 24,48 0.08 0.09
5 36.72 7 0.24 1.23
6 48 .96 0.72 1.25
7 61.20 0.87 1.12
8 73.44 1.00 0.88
9 85.68 1.00 0.88
Average effluent 11.57 9.63
Total resin capacity 0.99 0.29
At Breakthrough point of 6.00 meg-Ca/L
Effluent 37.16 6.00 16.01
Average effluent 2.09 3.91
Resin capacity 0.78 0.33
At Breakthrough point of 12.00 meg-Ca/L
Ef fluent 43.71 12.00 16.11
Average effluent 3.13 5.75
Resin capacity 0.87 0.31
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7/23/80

Na meqg/L

139.00
127.00
126 .00
117.00
102.00
100.00
99.00
101.00
100.00

102.00

1.36
1.25
1.24
1.15
1.00
0.98
0.97
0.99
0.98

108.74
—0 058

101.93
119.93

-0.66
100.86

117.13
-0.66
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File 12

REGENERATION for CYCLE 1.01.05 Date: 7/28/80
OBS ¢ BED VOLS Ca meq/L Mg meq/L Na meqg/L
1 0.30 0.30 2.70 1.10
2 5.04 168.00 37.60 418.00
3 6.60 128.80 23.40 470,00
4 7.98 104.00 23.40 519.00
5 10.98 84.60 19.60 531.00
6 11.76 73.60 11.60 525.00
7 14.04 55.40 17.40 523.00
8 15.60 49,20 18.00 527.00
9 16.84 42.00 17.40 514.00
Influent 22.20 22,60 564.00
Average effluent 81.55 19.96 434.48
Total resin capacity -1.10 0.05 2.77
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EXHAUSTION for CYCLE 1.01.05 Date:

OBS # BED VOLS Ca meq/L Mg meq/L
1 1.25 0.60
2 11.86 1.50
3 23.09 7.80
4 32.45 27.40 1
5 41.81 35.00 1
6 51.17 39.20 1
7 60.53 39.20 1
8 69.89 39.80 1
9 79.25 41.00 1
Influent 40.08 1l
Conc Ratios (C/C0):
1 1.25 0.01
2 11.86 0.04
3 23,09 0.19
4 32.457 0.68
5 41.81 0.87
6 51.17 0.98
7 60.53 0.98
8 69.89 0.99
9 79.25 1.02
Average effluent 25.41
Total resin capacity 1.14

At Breakthrough point of 6.00 meq-Ca/L

Effluent 19.88 6.00
Average effluent 2.21
Resin capacity 0.71
At Breakthrough point of 12.00 meg-Ca/L
Effluent 25.10 12.00
Average effluent 3.49
Resin capacity 0.87
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3.00
1.70
2.90
6.50
5.20
1.10
1.84
1.60
0.40

0.68

0.28
0.16
0.27
1.54
1.42
1.04
1.11
1.09
0.97

9.40

0.10

2.56
2.25
0.16
5.81

2.50
0.20

1/28/80

Na meq/L

107.80
144.30
130.50
97.30
96.00
94.50
91.80
90.50
89.00

92.80

1.16
1.55
1.41
1.05
1.03
1.02
0.99
0.98
0.96

106 .51

-1.07

134.44
131.79

-0.73
123.39

131.47
-0.92
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Fle &

REGENERATION for CYCLE 1.01.06 Date: 7/18/80
OoBS # BED VOLS Ca meq/L Mg meq/L Na meq/L
1 0.20 0.10 0.40 1.29
2 2.52 360.00 103.00 1016.00
3 6.84 106.00 45.00 1294.00
4 9.72 62.00 45.00 1360.00
5 13.32 42 .00 42,00 1396.00
6 16.92 34,00 42.00 1446.00
Influent 24.00 36.00 1428.00
Average effluent 119.03 52.45 1200.23

Total resin capacity -1.59 -0.28 3.81
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EXHAUSTION for CYCLE 1.01.06 Date:

OBS BED VOLS
0.30
14 .52
34.32
50.16
60.72
87.12
100.32
113.52
126.72
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126.72
Average effluent
Total resin capacity

At Breakthrough point
Effluent 40,95

Average effluent
Resin capacity

At Breakthrough point
Effluent 53.01

Average effluent
Resin capacity

Ca meg/L Mg meq/L
0.10 0.50
0.20 0.70
2.40 3.80

11.00 13.50
14,70 16 .20
21.80 12.20
22.20 12.00
22.40 12.00
24,40 10.20
23.40 12,20
0.00 0.04
0.01 0.06
0.10 0.31
0.47 1.11
0.63 1.33
0.93 1.00
0.95 0.98
0.96 0.98
1.04 0.84
13.01 9.38
1.31 0.36
of 6.00 meg-Ca/L
6.00 7.86
1.37 2.26
0.90 0.40
of 12.00 meg-Ca/L
12.00 14.23
3.16 4.36
1.07 0.41
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7/18/80

Na meq/L

10.00
138.80
127.50
107.50
104,30

99.30

99.30
100.00
100.00

102.00

0.10
1.36
1.25
1.05
1.02
0.97
0.97
0.98
0.98

105.26

-0.41

119.13
110.99

"0 037
106 .64

111.19
“0 048
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REGENERATION for CYCLE 1.01.07 Date: 7/29/80
OBS # BED VOLS Ca meq/L Mg meq/L Na meq/L
1 0.24 0.19 0.10 1.87
2 2.02 257.60 59.00 211.00
3 3.80 188.40 45,20 363.00
4 5.58 159.80 2.00 397.00
5 7.37 98.80 24.00 421.00
6 9.15 83.20 14.60 439.00
7 10.93 59.80 20.40 448 .00
8 12.83 51.00 20.60 458.00
9 14.49 48.40 15,60 - 470.00
10 16.28 38.40 20.20 451.00
11 18.06 34.60 16 .00 461.00
12 20.20 32.40 20.20 470.00
13 21.62 29.00 22,40 4706.00
Influent 22.40 21.70 486 .00
Average effluent 88.99 22.37 401.97
Total resin capacity -1.42 -0.01 1.80
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EXHAUSTION for CYCLE 1.01.07 Date:

OBS # BED VOLS Ca meq/L Mg meq/L
1 0.30 0.10 0.00
2 13.20 3.98 5.92
3 26 .40 22.76 12.76
4 39.60 38.64 2.16
5 51.48 38.40 10.40
6 59.40 46.40 11.40
7 76.56 40.70 11.70
8 92.40 40.60 15.60
Influent 41.60 11.60
Conc Ratios (C/CO):
1 0.30 0.00 0.00
2 13.20// 6.10 0.51
3 26.40 0.55 1.10
4 39.60 0.93 0.19
5 51.48 0.92 0.90
6 59.40 1.12 0.98
7 76.56 0.98 1.01
8 92.40 0.98 1.34
Average effluent 30.32 9.07
Total resin capacity 1.04 0.23
At Breakthrough point of 6.00 meg-Ca/L
Effluent 14.62 6.00 6.66
Average effluent 2.33 3.29
Resin capacity 0.56 0.12
At Breakthrough point of 12.00 meg-Ca/L
Effluent 18.84 12.00 8.84
Average effluent 3.85 4.30
Resin capacity 0.70 0.14
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7/29/80

Na meqg/L

60.30
115.30
97.80
84.50
82.50
80.50
81.00
79.80

80.00

0.75
1.44
1.22
1.06
1.03
1.01
1.01
1.00

87.28
-0.67

113.42
90.43
-0.15

107.83

95.03
-0.28



8.1

120 .
< 180 |
o
E 84 |
2 B
0
&)

o 40 |
C

)

B 20 |
&

Ll U

EXHAUSTION for CYCLE 1.81.07

\4Mg

1080 1

Bed Volumes




Fle D

REGENERATION for CYCLE 1.01.08 Date: 7/30/80
OBS # BED VOLS Ca meq/L Mg meq/L Na meq/L
1 0.30 0.00 0.46 1.47
2 3.62 202.00 35.20 338.00
3 5.07 134.40 25.60 470.00
4 8.34 89.00 23.80 519.00
5 11.96 68.00 25,00 552.00
6 15,95 52.60 20.40 557.00
7 22.47 42.40 21.60 580.00
8 26 .09 36.00 23.20 593.00
9 33.34 32.80 23.20 600.00
Influent 18.00 22.80 643.00
Average effluent 65.69 22.67 516.70
Total resin capacity -1.58 0.00 4.17
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EXHAUSTION for CYCLE 1.01.08 Date:
OBS # BED VOLS Ca meq/L Mg meqg/L
1 0.30 0.10 0.02
2 4,16 1.80 1.32
3 10.69 1.80 1.34
4 16 .63 2.40 1.80
5 22.57 6.00 5.50
6 29.70 16.90 15.00
7 33.26 28.60 11.00
8 38.02 31.40 12.50
9 42,77 34.00 13.10
10 49,30 35.20 13.60
11 58.21 37.20 12.80
12 67.12 38.20 10.60
13 76 .03 42.50 6.60
Influent 40,20 11.20
Conc Ratios (C/CO):
1 0.30 0.00 0.00
2 4,16 0.04 0.12
3 10.69 0.04 0.12
4 16.63 0.06 0.1l6
5 22.57 0.15 0.49
6 29,70 « 0.42 1.34
7 33.26 7 0.71 0.98
8 38,02 0.78 1.12
9 42.77 0.85 1.17
10 49,30 0.88 1.21
11 58.21 0.93 1.14
12 67.12 0.95 0.95
13 76.03 1.06 0.59
Average effluent 23.21 8.77
Total resin capacity 1.29 0.18
At Breakthrough point of 6.00 meg-Ca/L
Effluent 22.57 6.00 5.50
Average effluent 2.37 1.90
Resin capacity 0.84 0.21
At Breakthrough point of 12.00 meg-Ca/L
Effluent 26 .49 12.00 10.73
Average effluent 3.37 2.83
Resin capacity 0.96 0.22
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7/30/80

Na meq/L

0.61
138.00
138.30
134.50
124.00
105.80

96.80
90.50
87.50
85.00
85.00
84.80
84.80

93.50

0.01
1.48
1.48
1.44
1.33
1.13
1.04
0.97
0.94
0.91
0.91
0.91
0.91

100.73
-0.55

124.00

123,38
_0 067

113.98

122.72
-0.77
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REGENERATION for CYCLE 1.01.08B Date: 7/31/80
OBS # BEL VOLS Ca meq/L Mg meq/L Na meq/L

1 0.99 0.00 0.02 0.48

2 2.35 729.00 107.00 1110.00

3 3.46 280,00 38.00 1708.00

4 4,70 270.00 44,00 1828.00

5 5.93 183.00 14.00 1828.00

6 7.17 64.20 9.60 1885.00

7 8.40 38.80 6.40 1850.00

8 9.64 27.20 4.40 1860.00

9 10.88 20,08 3.96 1870.00

10 12,11 10.24 2.16 1860.00

11 13.35 13.80 2.40 1825.00

12 14,58 7.82 1.90 1833,00

13 15.82 6.40 2.34 1833.00

14 17.06 5.78 1.98 1823.00

15 18.29 5,08 1.24 1823.00

16 20.15 3.60 2.00 1795.00

17 22.12 3.30 1.38 1800.00

18 23.85 3.40 1.54 1783.00

19 25.71 3.34 1.55 1795.00
Influent 2.80 1.97 1800.00
Average effluent 83.29 12,31 1736.03
Total resin capacity -1.99 -0.26 1.58
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EXHAUSTION for CYCLE 1.02.01 Date:

OBS # BED VOLS
1 0.60
2 34.26
3 46.02
4 50.80
5 54.38
6 60.96
7 63.94
8 66.93
9 70.52
10 73.51
11 75.90
12 78.29
13 80.68
14 84.86
15 90.84
16 96.81
17 102.79
Influent
Conc Ratios (C/CO):
1 0.60
2 34.26
3 46.02
4 50,80
5 54,38
6 60.96
7 63.94"°
8 66.93
9 70.52 7
10 73.51 ~
11 75.90-
12 78.29
13 80.68
14 84.86
15 90.84
16 96 .81
17 102.79

Average effluent

Total resin capacity

At Breakthrough point of

Ef fluent 63.33

Average effluent
Resin capacity

At Breakthrough point of 12.00 meg-Ca/L

Effluent 70.68

Average effluent
Resin capacity

Ca meq/L Mg meq/L
0.00 0.00
0.02 0.05
0.30 0.66
0.90 3.30
1.38 7.32
1.34 22.26
7.20 19.20
9.24 18.76

11.84 18.36
14.80 17.00
15.60 16 .00
18.40 13.60
18.20 13.80
21.80 10.80
22.80 10.40
21.00 12.60
21.60 12.60
22.40 11.20
0.00 0.00
0.00 0.00
0.01 0.06
0.04 0.29
0.06 0.65
0.06 1.99
0.32 1.71
0.41 1.68
0.53 1.64
0.66 1,52
0.70 1.43
0.82 1.21
0.81 1.23
0.97 0.96
1.02 0.93
0.94 1.13
0.96 1.13
7.13 7.19
1.56 0.41
6.00 meg-Ca/L
6.00 19.83
0.43 2.88
1.38 0.52
12.00 18.29
1.36 4,55
1.47 0.47
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8/7/80

Na meq/L

5.00
130.50
129.50
123.80
118.80
105.80
103.30
100.00

99.30
98.30
94.00
98.30
95.80
93.50
73.80
95.80
95.00

95.00

0.05
1.37
1.36
1.30
1.25
1.11
1.09
1.05
1.05
1.03
0.99
1.03
1.01
0.98
0.78
1.01
1.00

93.17
0.19

103.81
93.04
0.12
99.25

93.85
0.08
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REGENERATION for CYCLE 1.02.01 Date: 8/7/80
OBS # BED VOLS Ca meq/L Mg meq/L Na meq/L
1 0.36 0.00 0.10 1.57
2 2.14 86.40 45.40 125.00
3 4,28 166.00 21.00 411.00
4 6.59 116.00 35.00 460.00
5 8.91 £9.20 30.00 523.00
6 11.23 62.60 34.80 532.00
7 15.15 47.60 26.00 539.00
8 18.71 43,20 19.20 550.00
G 25.84 33.60 19.80 575.00
10 33.86 27.60 20.40 583.00
11 42.7¢ 22.40 25.40 587.00
12 49.90 21.00 25,00 583.00
13 56.81 20.00 25.80 553.00
Influent 22.40 25.40 587.00
Average effluent 43,52 24,58 534.45
Tctal resin capacity -1.23 0.05 3,07
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APPENDIX G

Equilibrium-Model Calculations of Specific Resin Capacities
and Initial Exhaustion-Effluent Compositions for Field
and Laboratory IX Cycles






L.81.97
@F=Z.88 eg~sL KLCarNal=3.0 ElMgsNal=1.2 Co= .&14477 eq-L
K[Ca Nal*@ Co= 9,76 KIMg-Nal#Q-Co= 3.91
Ca Mg Ha K
Liquid conc mg-rL: 3e80.008 256.08068 12588.888 1216.900
Ligquid conc meg-L: 19.68a68 21.853 S74.425 38,948
Liquid egquiv frac: . 831 834 . 935
Resin equiv frac: .185 .Ba2 . 732
Resin conc eg-L: .371 . 164 1.485
EXHAUSTION OF RBOVE REGEMERRTION
B=z2.88 eq-L KlCarNal=3.0 Klfg-Hal=1.2 Co= .1383%44 eq-L
KICasNal*#QsCo= 43,18 K[IMgsNal*¥@-Co= 17,27
Ca Mg Ha K
Liquid conc mg-L: 44B.08808 137.6088 2318.868 265,896
Ligquid conc meqg-L: 22.088 11.2€6 185.678 5.243
Liquid equiv frac: . 158 881 el
Rezin eguiv frac: .637 131 232
Resin conc eq-Ls: 1.275 261 1)
DIFFERENCE BETWEEM REGEMERATION AND EXHAUSTION
Rezsin cap eq-L: . a4 L8337 -1.861
INITIAL EXHAUSTION LERKAGE COHCENTRATIONS
Ca Mg Ha K
Liquid conc mg~sLs 21.513 14,493 3143,5683 2B5. 064
Liquid conc meq-L: 1.87& 1.192 136,677 5.243
Liquid equiv frac: . 888 .89 . 354
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L.ez.1z2

d=2.88 =g-L KICa-Hal=3.8 KLMg- Hal=1.2 Co= .E51889 eq-L
KICarHal#Q<Co= 9.21 KIMg-sHal#G-Co= 3.682
Ca Mg Ha K
Ligquid conc mg~Ls 358,086 287.0608 13230Q8,.98688 1219.604
Liquid conc megesL: 19. 60848 23.682 689,287 38.946
Ligquid equiv frac: .B29 . 836 . 935
Resin equiv frac: .178 . 885 g =1
Rezin conc eq-L: . 341 . 169 1.498@

EXHAUSTION OF ABROVE REGEMERATION

[=2,88 eqg-L KlCa<Hal=3.8 KLMg-Hal=1.2 Co= .142669 =g-L
KICa Hal#R-Co= 42,86 K[Mg-Hal*l<sCo= 16.82
Ca Mg Ha K
Liguid cone mgsLs 448,088 140.886 2390.608 285,088
Ligquid conc meq<bL: 22.888 11.513 189,156 5.2473
Liguid equiv frac: =154 . 831 . 7BD
Rezin equiv frac: 638 132 . 238
Resin conc eg-L: 1.2c68 . 204 Y

DIFFERENCE BETWEEM REGEMERATION AMD EXHAUSTION

Fesin cap eg<lL: .919 834 -1.813

IMNITIAL EWHAUSTION LERKAGE COMCEMTRATIOHS

Ca Mg Ma K
Liquid conec mg-L: 28.185 15.245 3229.343 2B5. 84048
Liquid conc meg-l: 1.889 1.254 14@. 4896 5.243
Liguid equiwv frac: . Bav . Bg9 . 984
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0=2.88 =q-L K[CasNHal=3.8 ELMg-Hal=1.2 o= 638454 eg-L
KL[Ca<Hal#R-Co= 9.48 EiMg-Hal#@ Co= 3.76
Ca Mg Ha K
Liguid conc mg-L: I6p.088 258.088 13208.008 958.4988
Ligquid conc meqg-sL: 12.688 2z2.839 598.414 24.581
Liquid equiv frac: .a22 . B35 . 937
Fezin egquiv frac: 189 .8832 . 748
Rezin conc eqg-L: 338 183 1.497
EXHAUSTION OF RECOVE REGEMERATION
G=2.88 eq-L KlCa<Hal=3.8 KIMg-sHal=1.2 Co= ,148853 eg-L
KICasHal#G-Co= 42.84 KlMgsHal*@-Co= 17.14
Ca Mg Ha K
Liguid conc mg-obLe 410.68886 1327.888 2378.60848 285,088
Liguid conc meg«L: 28, 508 11.266 1B8. 286 9.243
Liquid eguiw frac: . 145 . 8208 T3
Re=zin equiw frac: LB28 . 136 . 243
Fezin conc eq-sLi 1.241 L 273 . 486
DIFFERENCE EETWEEN REGENERATION AMD EXHAUSTION
Fesin cap eq-L: . 283 . 187 -1.6818
INITIAL EXHAUSTIOW LEAKAGE CONCEMTRATIONS
Ca Mg Ha k.
Ligquid conc mg-sL: 12.124 14,237 3172.295 ZBS.Bea
Ligquid conc meg-Lz: . 9598 1.171 137.926 5.243
Ligquid equiwv frac: . 487 . 885 . 935
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L.@4.11

L=2.08 eq~-L KlCa~<Hal=3.8 KLMg-Nal=1,2 Co= .644592 eq-L
KiCasHal#@-Co= 9.31 KIMg-Nal#R-Co= 3.72
Ca Mg Ha K
Liquid conc mg-L: 356,800 317.800 13200.800 1850.000
Liguid conc meg-L: i7.588 26.869 £81.623 27.118
Ligquid equiv frac: 827 . 848 . 232
Fezinm squiv frac: . 161 . 895 744
Fesin conc eg-lL: . 321 . 192 1.487
EXHAUSTION OF ABOYE REGENERATION
(=2.88 =q-L K[CasHal=3.8 KlMg-Hal=1,2 Co= .1344&68 eg-L
KICasHal#B-Co= 44.62 KIMg-Hal#Q-Ca= 17.85
Ca Mg Na K
Ligquid canc mg~-L: 405.088 125.688 227V8.008 285.6808a
Ligquid conc meg-L: 2D9. 258 10.288 183.939 5.243
Ligquid equiv frac: <151 .B78 .73
Rezin =quiv frac: . 5349 . 129 . 237
Rezin conc eqg<L: 1.268 . 257 . 475
DIFFEREHCE BETWEEM REGEMERATION AMD EXHAUSTION
Rezin cap eq-L: . 946 . 866 -1.812
IMITIAL EXHAUSTION LEAKAGE CONCEMTRATIOHS
Ca Mg Ha K
Liguid canc mg-L: 16.973 15.373 244,172 2685. 800
Liguid comc meq-Ls . 849 1,264 132.355 5.243
Ligquid eguiv frac: . B8E . 889 .984
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L.B5.54

#=2.88 eg~-L K{CasNal=3.
KICasHal*@-Co=
Ca
Ligquid conc mg-L: 490, 608
Ligquid conc meg-L: 24.5088
Ligquid equiv frac: .817¢
Bezin equiv frac: .863
Resin caonc eq-L: 127

EAHAUSTION OF RBOYE R
(=2.88 =9-L KlCa-Hal=3.
KLCasNal#Q-Co= 4

Ca
Ligquid conc mg~L: 428,808
““igquid conc megesle 21.080
Liguid equiwv fracs » 149
Reszin equiv frac: 627
Resin conc eq- L 1.254

DIFFEREMCE BETWEEM RE

Fesin cap eg-sL: 1.128

INITIAL EWHAUSTION LE

Ca
Ligquid conc mg-L: 5.899
Liquid conc meg-sL: L2955
Liguid equiv frac: .802

a KLMg~Hal=1.2 Co=1.433115 eqg~L
4,19 K[Mg-Nal*Q-Co= 1.67
Mg Ha K
JE66.000 38606.008 1880.0006
28.899 1378.517 42,882
.821 . 962
831 . 985
. 862 1.811
ECEMERATION

@ K[Mg-Mal=1.2 Co= .141185 eg-L
2.50 K[Mg-Nal#Q/Co= 17.08
Mg Na K
131.690 2399.008 215,000
18.773  189.412 5,499
.B76 .775
.129 . 244
.257 . 488
GENERATION AND EXHAUSTION
. 1395 -1.323

AKAGE CONCEMTRATIONS

Mg Na
3.888 3234.184
.313 146.617
. 882 « 996

1956
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L.18.14

B=2.88 eq-L KiCasHal=3.8 ElMg-Hal=1.2 Co=1.514845 eq-L
KlCasHal#@~ Co= 3,96 KiMg-Hal#@-Ca= 1,58
Ca Mg Ha K
Liquid conc mg~sL: 330.9880 549,888 221660.808 2256,088
Liguid conc meg-L: 16. 508 45.143 1453,197 =7.545
Ligquid equiw frac: 811 . 838 . 359
Fezin equiv frac: . B39 L B43 917
Fesin conc eqg-L: .B79 . B85 1.835

EXHAUSTION OF REOVE REGEMERATION

M=2.88 eg-L ElZa-NHal=3.4 KLMg-Hal=1,2 Co= .148819 egq-L
KlCa-Hal#@-Co= 42.61 KIMg-Hal#R- Co= 17,84
Ca Mg Ha k.
Liguid conc wmg-ol: 435,898 1258.888 2378,008 215.988
Ligquid conc meqsLs 21.758 18,5286 183,542 S5.433
Liquid equiv frac: . 154 LB75 .77l
Fezsin egquiv fracs . 637 123 . 248
Resin conc eq«l: 1.274 . 247 . 438
DIFFEREWNCE BETWEEN REGEMERATIOHW AWD EXHAUSTION
Rezin cap eq-L: 1.195 . 156 -1.355
INITIAL EXHAUSTION LEAKAGE CONCEMTRATIONS
Ca Mg Ha k.
Liguid conc mg-L: 3.874 S5.113 2225.6208 215.008
Liguid conc meq-L: .154 428 1468.244 5.499
Liquid equiwv frac: . 8081 .Be3 . 396
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L.12.22
B=2.88 eqg-L KlCasHal=3.4 ELMg«H
ElCarsHal#G-Co= 3.63 kL
Ca Mg

Liguid conc mg-Le 84,8484 493, 894
Liquid conc megeLz 15. 208 48,954
Liguid equiv frac: Be9 L B20
Fezin equiv fracs B21 B34
Fezin conc eq-L: BeZ . BEE

EXHRUSTION OF AECVE REGEMERATIOHN

#=2.88 eg-L FICarsMal=3.8

KlCarHal*k-Co= 43,48 KL

Ca Mg
Liguid conc mg-Las 416,888 137.808
Liguid conc meqgel: ZB. 508 11,2686
Liquid equiv frac: . 151 . B8z
Fesin equiw frac: B2T 136
Fzzin conc eq-L: 1.252 272

DIFFEREMCE BETWEEHW REGEMERATIOM

Fezin cap eq-L: 1.121 . 284

113
n

ELMg«<Nal=1.2

al=1.2 o=

Mg<Hal*@-Co=

3

BEas 234

P

n

C

fx}

Mg -Hal*#Q-Ca= 1

L]
—
L)
[\
&
)

—
i)
o
w0
oo
n

AND EXHAUSTIOH

INITIAL EXHAUSTION LEAKAGE COMCEMTRATIONS

Ca Mg
Ligquid conc mg-Ls Z2.265 3.718
Liguid comc megesL: 113 385
Liquid equiw fracs: Bal . agz
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1.6587332

1.45

a.880
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.

. 1326851

v.38

K

v.ooe

=31

5

eq-L

eq-L



L.17.17
B=Z.88 eqg-L ElCa-Hal=3.8 KiMgrHal=1.2 Co=1.484646 eq-L
KlCasNal#@-Ca= 4,27 KiMg-Hal#Q-<Co= 1,71
Ca Mg Ha K
Liguid camc mg-l: 28%.680 £34.8088 29200,088 2688.006
Liguid conc megsL: 14,408 S2.138 1338.18°7 £8.542
Liguid eguiv frac: .a18 . B37 953
Fezin squiv frac: . B39 857 . 784
Fezin conc eqels .8r9 .114 1.887
EXHAUSTIOH OF RBOVYE REGEMERATION
H=Z.B0 eqg-L KlCa-Hal=2.0 KIMg<Hal=1.2 Co= .135358 eg-L
KICa-Hal#Q-Co= 44,33 KIMg-Hal#@-Co= 17.73
Ca Mg Ha K
Ligquid caonc mg-l: 448,080 12¥V.088 2230.000 217.008
Ligquid conc megels 22.4048 18.444 182.3586 5.558
Ligquid equiv frac: . 165 .B77 . 757
Fe=in equiv frac: . 652 122 . 226
Fe=in conc eg~sL: 1.385 . 243 452

DIFFEREMCE EETWEEM REGENERRTIOHM

£

Fesin cap gLt 1.226 .129

(34}
o

AHD EXHAUSTION

~1.3595

IMITIAL EXHAUSTION LEAKARGE COHCEMTRATIONS

Ca Mg
Liguid conc mg-L: 2.917 ‘6.422
Liguid conc meg«-l: Llds .528
Liguid equiv frac: . 841 . 884

198

Ha K
3897.558 217.000
134.67¢6 5.558
. 995



L.18.13

Co=1.138213 eq-L

r=2.88 eq-L K[Ca Hal=32.8 KlMg-sNal=1.2
KLCasNal#Q-Co= 5.18 K[MgsNal*@-Co= 2.87
Ca Mg Na K

Liquid canc mg-L: S6¢0.888 1120.6000 22306.060 2630,006

Liguid conc meg-L: 28.88v 92.185 1838.187 68.542

Ligquid equiv frac: .824 . 8808 . 896

Fesin equiv frac: . B95 . 125 . 788

Resin conc eqg-L: . 198 . 258 1.568

EXHAUSTION OF ABOVE REGEHERATION

R=2.88 eq~L K[Ca-Mal=3.08 KLMg-Nal=1,2 Co=
KICasHal#Q-Co= 44,83 KIMg-Nal#GQ-Co= 17.94
Ca Mg Na K
Ligquid conc mg~sL: 432.0800 97.688 2270.8400 213.088
Liquid conc meg-L: 21.6006 8.826 184.143 5.448
Ligquid equiv frac: .161 . 868 .779
Resin equiv frac: . 665 . 899 . 236
Resin conc eg-L: 1.338 .198 472

DIFFERENCE BETWEEN REGENERATION AND EXHRAUSTION

Rezin cap eq-L: 1.141 -.852 -1.889

INITIAL EXHAUSTION LEARKAGE CONMCEWMTRATIONS

Ca Mg Ha
Liquid conc mg-L: 9.831 18.863 3832.149
Ligquid conc meqg-sL: . 452 1.485 131.833
Liquid equiv frac: . 883 .B11 . 986

199
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213.000

5.448
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L.19,27

B=2.88 eq-L KLlCa<Hal=3.8 KIMg-MHal=1.2 Co=1.512289 eq-L
KiCasMal*@ Co= 3.97 LIMg-Hal#R<Co= 1.59
Ca Mg Ha K
Liguid conc mg-oLs 216,808 859,000 39900.008 2240.000
Liguid conc meg~L: 40,888 re.&641 1486.767 57.289
Ligquid egquiv frac: .8z7 . 847 . 328
Rezin equiv frac: . 898 . 862 . 548
Fesin canc eg-Ly 179 124 1.89¢6

EXHRUSTIOW OF ABOYE REGEMERATION

A=2.88 eq-L KICasHal=3.8 KlMg<Hal=1,2 Cao=
KlCasMal#G@-Co= 44.84 KIMg-Hal*@~Co= 1
Ca Mg Ma

Liquid canc mg-Ls 448,888 126,888 227V0,.06840 29
Liguid conc meqg~L: 22.468 9.868 183, 264
Ligquid equiv frac: 164 872 753
Fesin equiw fracs . 655 115 238
Fzsin conc eqg-L3 1.318 L2231 . 459

DIFFEREMCE BETWEEM REGEMERARTIOM AMD EXHAUSTION

Fezin cap eq-L: 1.131 . 1487 -1.237¢

IMITIAL EXHAUSTIOW LEAKAGE COMCEHTRATIONS

Ca Mg Ha
l.yguid canc mg-L: .68l 2.882 2189.474 28
Liquid conc meqg-sL: . 3808 LG58 135.195
Liguid =quiv fracs .B83 . Ba3 P92
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L.28.89

=2.88 eq-L KlCa<Hal=3.
KiCasNal#Q-Co=
Ca
Liquid conc mg-L: 256. 888
Liquid canc megrL: 12.288
Ligquid equiv frac: 869
Resin equiv fracs . 8321
Fezin conc eg-L: .BET

EXHAUSTION OF ABOYE REGEMERATION

a

4.

K[Mg-Nal=1.2 Co=1.493589 eg-L
B2 KLMg-Nal#*@-Co= 1.61
Mg Ma K
830,000 308900.000 2700.000
68.257 1412.532 £9.054
. 846 . 946
. 857 . 982
134 1.504

R=2.88 eg-L KICasHal=3.d8 ELMg<Hal=1.2 Co= .138435 eq-L
KlCasHal#Q-Co= 46,80 KIMg-Hal*@-Co= 18.48
Ca Mg Ha K
Liguid conc mg«L: 432.0888 132.888 2130.08600 210.8808
Ligquid conc meg-L: 21.688 18.855 Q9¢. 9280 5.371
Liguid squiv frac: . 168 . 883 751
Fezin equiv frac: . 658 <1321 219
Fezin conc eqg-L: 1.3806 . 261 » 439

DIFFERENCE BETWEEN REGEHERATIOM

Rezin cap =q-L: 1.237

. 128

AMD EXHAUSTION

-1.365

INITIAL EXHAUSTION LEAKAGE COMCEMTRATIOHWS

La
Liguid canc mg-L: 2.1¢68
Liquid conc meqg-L: . 188
Liquid equiv frac: . 8a1

Mg
7.00%3
.576

B84

201

Ha K
2984, 278 218.088
125.751 J.371
. 295



L.22.135

@=2.88 eq-L KlCasNal=3.8 KIMg-Hal=1.2 Co=1.443358 eqg-L
KlCasHal#Q-Co= 4,16 KLMg-Hal*¥Q-Co= 1.66
Ca Mg Na K
Liquid conc mgeoL: 318.008 S72.800 30100.808 2820.860
Ligquid conc meg-L: 15.508 47.839 1388.818 7z.123
Liquid equiv frac: .811 . 833 . 957
Fezin equiv frac: . 848 . B49 .918
Resin conc eqg-L: . Bg1 . 898 1.821

EXHAUSTIOW OF ABOVYE REGEMERATIOM

G=2.88 eq-L KLCa-Hal=3.8 K[Mg-Hal=1,2 Co= .13&6288 eq-L
KlCasHal*#Q<Co= 44,893 KIMg-Nal#G-Co= 17.62
Ca Mg Na K
Ligquid conc mg-sL: 435,880 127.6888 2270.6000 2B6.08808
“+quid conc meg-Le 21,808 10.444 183.964 5.269
Liquid equiv frac: . 168 877 . 763
Fesin equiv frac: . 645 . 124 .231
Resin conc eqg-sL: 1.291 . 247 <462
DIFFEREMCE BETWEEW REGENERATIOM AMD EXHAUSTION
Fezin cap eqg-L: 1.218 . 149 -1.35%
IMITIAL EXHAUSTIOHM LEAKAGE CONCENTRATIONS
Ca Mg Na K
Ligquid conc mg~sL: 2.998 S5.517 3118.918 206. 0800
Liquid canc megq-sL: .149 - 454 135.685 S5.269
Liquid equiv frac: . Ba1 . 083 . 296
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L.23.19

p=2.80 eq-L KICa-Nal=3.8@ KIMg-Hal=1.2 Co=1.435829 eq-L
KICarNal#Q/Co= 4,18 KIlMg-Nal#@sCo= 1.67
Ca Mg Ha K
Liguid conc mg-sL: Tl2.000 JEG6.0D0 29360.888 2668.008
Ligquid conc meg-L: 25.608 46.548 1363.683 68.631
Ligquid equiv frac: .818 . 832 . 958
Resin equiv frac: . 8BS . 847 .888
Resin conc eq/L: .138 . 895 1.773

EXHAUSTION OF ABOVYE REGEHMERATION

(=2.88 eq-L KlCa~Hal=3.8 KlMg-Nal=1.2 Co= .137711 eqg~L
KlCasHal*Q-Co= 43,57 KlMg-Nal#G-sCo= 17,43
Ca Mg Na K
Liquid conc mg-Lle 451.6848 115.888 2210,880 286,080
Liguid conc meqg~L: 22.558 3.457 185.783 S5.269
Liguid equiv frac: .164 . 869 . 768
Resin equiv frac: » 657 .118 . 233
Resin conc eq-L: 1.314 . 228 466

DIFFERENCE BETHWEEM REGEHWERATIOW AND EXHAUSTION

Fezin cap eq-sL: 1.184 . 126 -1.389

INITIAL EXHAUSTIOW LEAKAGE CONCENTRATIONS

Ca Mg Ha K
Liguid conc mg~L: 5.166 5.711 3158.599 2p6, 860
Liquid conec meg-L: . 258 .478 136.99? 5.269
Ligquid equiv frac: . 882 . 883 . 995
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L.24.11

f=Z.88 eq-L KiCasHal=3.8 KiMgsHal=1.2 Co=1.36355%9 eq-L
KICasNal#*QsCa= 4.48 KLMg<HNal#GlvCo= 1,76
Ca Mg MHa K
Liguid caonc mg-Lze 352.6408 478,088 22700.808 2380,0086
Liquid conc meg-L: 17.688 39.389 1306.650 58.824
Ligquid equiv frac: .B813 . 829 . 958
Fezin equiv frac: 851 @45 . 984
Fesin conc eq-L: . 181 . B30 1.88%

EXHAUSTION OF ABOYE REGEHMERATIOHN

H=2.08 eqg-sL KlCasHNal=3.8 FLMg-Hal=1.2 Co= .134726 eqg-L
KICasHal#*Q-Co= 44,53 KlMg<Nal#@~-Co= 17.51
Ca Mg Ha K
Ligquid conc mg~L: 432.888 117.888 22768.800 128.68680
Liquid conc megesL: 21.608 q.622 1683. 584 4.888
Liquid equiv frac: .168 .B71 . FES
Resin equiv frac: 652 116 232
FResin conc eqg-sL: 1.384 . 232 L4649

DIFFEREHMCE BETHWEEN REGENERATION AMD EXHAUSTION

REesin cap eq-L: 1.282 142 -1.344

INITIAL EXHAUSTIOW LEAKAGE CONCEMTRATIONS

Ca Mg Ha K
Liquid conc mg-sLs 3.78% 5.837 3854.898 138,608
Ligquid conc meg-L: . 185 414 134,126 4.3888
Liquid eguiv frac: . 881 . 883 . 996
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Ci=2. 88 eqsL ElCa<Hal=3.8 ElMg«<Nal=1.2 Co=1.529%83 eg-L
KlCarHal#Q-Co= 3,92 KIMg-Hal#*@-sCo= 1.S7
Ca Mg Ma k.
Ligquid cons mg-oL: £80.088 1320.0890 30680.988 1990, 304
Liquid conc meqgsl: 48, 8048 188,552 1381.324 58.895
Liguid squiw frac: .8za 871 . 983
Fesin equiv frac: . 8385 .89z . 823
Fezin conc eg-L: . 178 . 185 1.645
EXHAUSTION OF ABOVYE REGEMERATION
(=2.88 eq-L KLCasHal=3.8 KLMgsHal=1,2 Co= .136275 eqg-L
KlCarsHal#Q~Co= 44,83 KIMgsHal#@-Co= 17.61
Ca Mg Ha K.
Ligquid conc mg-L: 432.088 129.088 2270.800 218,886
Liguid conc meq-L: 21.8488 18,689 184,866 5.271
Liquid equiv frac: . 159 . B73 . 764
Fezin equiv frac: 542 126 232
Resinm coanc eq<l: 1.284 . 252 L4632
LIFFEREHCE EBETWEEM REGEMERATIOHW AWD EXHAUSTIOHN
FResin cap eg-L: 1.114 . 868 -1.182
INMITIAL EXHAUSTIOM LEAKAGE COMCEWTRATIOHS
Ca Mg Ha K
Ligquid conc mg~L: 7.625 12.582 3181.759 218,088
Liguid conc meg-L: . 381 1.835 134.859 5.371
Ligquid =quiv frac: . 883 . 488 . 998
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P=2,88 eq-L KlCa-Nal=3.06

KIMg-Hal=1.2

Co=1.476534 eq-L

KICa Nal#*@-Co= 4.86 KIMg-Hal#Q~sCo= 1,63
Ca Mg Ha K
Liquid conc mg~L: 464 . 800 665.0800 38600,8080 2S560.000
Ligquid conc megsL: 23.288 49.753 1483.581 73.146
Liquid eguiv frac: 816 . 834 . 351
Resin equiv frac: . 837 . 849 . 893
Resin conc eg-L: .113 . 897 1.790

EXHAUSTION OF ABOYE REGEHERATION

(=2.088 eq-L K[CasHal=3.@

KlCasNal+*@-Co= 44.48
Ca Mg
Ligquid conc mg-L: 448. 080 127.088
Liquid conc meq-L: 22.400 19.444
Liguid equiv frac: 166 .87y
Resin equiv frac: . 653 .122
Resin conc eq-L: 1.3886 . 244

DIFFERENCE BETWEEN REGENERATION

FKesin cap eq-L: 1.193 . 146

KIMg-Hal=1.2

Co= .1351286 eqg-L

K[Mg-Hal#Q-Co= 17.76

Ha K
2230.000 268.068
182.276 3.320
. 757
.225

451

AND EXHAUSTION

-1.339

INITIRL EXHRAUSTION LEAKAGE COMCENTRATIONS
Ca Mg
Liguid conc mg-L: 4.258 5.551
Liguid conc meq~L: 213 .457
Liquid equiv frac: . 802 . 883

Ma K
3892.378@ 288.0008
134.451 5.328
. 995
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1.81.81E

(=2.,08 eq-L KICa-Mal=3.06 KlMg-Hal=1.,2 Co=1.457808 eqg-L
KICarHal#Q@-Co= 4.83 KLMg-Hal#@-Co= 1.&1
Ca Mg Ha K
Ligquid conc mg-Le 528,088 437.768 326608, 000 H.804
Ligquid conc meqg-L: 31.8646 J&.boE  1420.800 0,860
Ligquid squiv frac: 821 <A24 . ?55
Rezin eguiv frac: . 873 . 834 892
Fesin conc eqg-lL: . 147 . BEE 1.785

EXHARUSTION OF ABOVE REGEMERRTICOH

f=2.88 eg~L KLCa-Hal=3.8 ELMg-Hal=1.32 Co= .155288 eg-L
EfCasHal#Q-Co= 38.65 KLMg<Hal*@-Co= 15.4%
Ca Mg MHa K
Liguid conec mg-L: 4350, 880 275.832 2495.508 6.6848
Liquid conc meq~L: 24.868 2z2.784 i8g. 588 §.B88
Ligquid equiv frac: . 155 . 145 699
Rezim equiv frac: <363 <215 218
Resin conc eqg-sL: 1.138 <431 431

DIFFEREWCE BETWEEM REGEMERRTION AMI EXHAUSTION

Resin cap =g-L: 991 362 -1.352
IMNITIAL EXHAUSTIONM LERKAGE CDNEEHTR%TIDHE
Ca Mg Ha K
Ligquid conc mg-L: 7.331 S5.176 3551.37% B.88a
Liquid conc meg~sL: . 36T = 154. 488 H, 808G
Liquid equiwv frac: = 1 b . B8B83 L9955
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L81.82X

QA=Z.88 eg-L KICasNal=3.8 KIMg-Hal=1.2 Co=1.462980 eq-L
KlCa-Hal*@-Co= 4,18 KI{Mg-Hal#Q-Co= 1.64
Ca Mg Ha K
Liguid conc mg-L: 734.088 218,592 22206.060 8.6804
Ligquid conc meg-L: J&. 788 26.288 1486.868 8.008
Ligquid equiv frac: . 825 .818 . 957
Fesin equiv frac: . B28 825 .B8¢
Fesin conc eqg-L: 177 . 858 1.773

EXHAUSTION GF AEBOVE REGEMERATIOHM

B=2.88 egq-L KICa~Hal=3.8

KiCarHal#*@-Co= S51.506

Ca Mg
Liquid conc mg-Ls 454 . 8088 6.8808
Ligquid conc meg-L: 22.708 . 5848
Ligquid equiv frac: 193 . B84
Fesin equiv fracs .77l . 487
Fesin conc eg-L: 1.542 .814

DIFFEREHMCE BETWEEW REGEMERATION

Eesin cap eq-L: 1,366 -. 837

INITIAL
Ca Mg
Ligquid conc mg~L: 5.845 2.198
Liguid conc meg~L: 252 188
Ligquid equiv frac: aaz .Baz

KIMg-Hal=1.2

Co= .1165808 =g-L

ELMg-Hal#Q-Co= 28.68

Ha K

2143.988 g.a888
93,380 G.a008
. 881
222

444

AND EXHAUSTION

-1.329

EXHAUSTION LERKAGE CONCENTRATIONS

Ha K
2669, 556 6.6888
116.868 8,884
995
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1.81.828B

L=z2.808 eg«L KICarsMal=3.8 KLMg-HNal=1,2 Co=1.485068 eqg-L
KLCa-Hal#k-Co= 4,26 KIMg-Hal#GQ-Ca= 1,786
Ca Mg Na K
Liquid conc mg-Ls 456.880 543.552 38528.0800 8.8608
Ligquid conc meg-L: 23.3084 44.708 1348.0400 0.0486
Liquid equiv frac: .817 .832 . 952
Fezin eguiv frac: . B62 . B47 . 891
Fezin conc eg-oL: . 124 . 895 1.782

EXHAUSTION OF AEBOYE REGEMERATION

Gi=2.88 eqg-L ElCa<Hal=3.d KIMg<Nal=1.2 Co= .152688 =q-L
KlCarHal#@~-Cao= 39.32 K[Mg-sHal#@-Co= 15,73
Ca Mg Na K
Liguid conc mg~L: 840,484 113.888 2329.948 B.8606
Ligquid canc meg-L: 42.688 9.3448 181.388 8.8048
Ligquid egquiv frac: L 275 LB561 664
Resin equiv frac: T 867 176
Fezin conc eqg-Ls 1.515 . 134 . 351

DIFFEREWCE EBETWEEM REGEMERATION AMD EXHAUSTION

Rezin cap eq-L: 1.391 . 039 -1.43@

m
H

INITIAL EXHAUSTION LEAKAGE COMCEMTRATIONS

Ca Mg Ha K
Liguid conc mg«Ls 5.975 6.969 3489.748 g.0484
Ligquid conc meg-Ls L 299 .973 151.728 B.864
Ligquid equiv frac: . 982 . 884 . 994
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1.81.83

M=2.88 gq-L KlCasHal=2.8 KiMg-Hal=1.2 Co=1.42080808 eg-L
KICasHal#Q~Co= 4.2 KIMg-Nal*Q-Cao= 1,68
Ca Mg Na K
Liguid conc mg-L: 438,880 D35.948 31326.080 8. 808
Ligquid conc meg-L: 24.888 44.888 13262.4860 8,008
Liqﬁid equiy fracs 817 831 . 952
Resin equiv frac: 862 « 845 . 893
Fesin conc eq~slL: 124 891 1.786

EAHAUSTION OF ABOVE REGEMERARTION

L=2.88 eqg-L KICa<Hal=3.8 KIMg-Hal=1.2 Co= .1364688 eqg-L
KlCasHal*R-Co= 43,99 KIMg-<Hal*Q~Co= 17,68
Ca Mg Ha K
Liquid conec mg~Ls 536,088 92.416 2345.886 @.864
Ligquid conc meq-Ls 25.308 7.6806 182. 0848 o.a64
Ligquid equiv fracs <1396 .B56 . 748
Fesin equiv frac: . 786 . 838 214
Fesin caonc eg-L: 1.412 . lca 427

DIFFEREMCE BETWEEN REGENERATIOW AMD EXHAUSTION

Resin cap eqg-sL: 1.289 . BE9 -1.338
IMITIAL EXHAUSTIOW LEAKAGE COMCEMTRATIOHS
Ca Mg Ha K
Liquid conc mg-L: 4,767 5.313 3121.689 0.8808
Ligquid conc meg-bs . 238 437 135.725 @,e8q
Liquid equiw frac: . Baz . 063 . 295
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1.81.084

f=2.88 =g-L KlCa-Hal=3.8B KLMg-Hal=1.,2 Co= .5223P6@ eq-L
KlCa-Nal#@-Co= 9.84 KLMg-Hal#@- Co= 3.86
Ca Mg Ha K
Liguid conc mgeL: 444,080 288.8%¢ 132271.008 8.06086
Ligquid conc meqg~L: 22.288 23.1088 277 .8048 0.080
Liquid equiv fracs .83 . 837 . 927
Fezin eguiv frac: . 283 . 835 .712
Fesin conc eqg-L: . 485 169 1.425

EXHRAUSTION OF ABOVE REGENERATION

[B=2.88 eg-L K[CasHal=3.8 KlMg<Nal=1.,2 Co= .138288 eg-L
KICarHal#Q~Co= 43.42 KIMg-Hal*Q-Co= 17.37
Ca Mg Ha K
Liquid conc mg«L: 464 .088 152.8388 2346.000 0.868
Liguid conc megeoL: z23.288 12.8088 192. 808 6.0848
Liguid egquiv frac: 168 894 . 738
Fesin equiv fracs: . 638 . 1432 .218
Rezin conc eg-lL: 1.277 . 286 « 437

DIFFEREHCE BETWEEMW REGEMERATION AHWD EXHAUSTIOHN

Fesin cap eg~L: . 871 117 -.988

IMITIAL EWHAUSTION LEAKAGE COMCEMTRARTIDONS

Ca Mg Ha K.
Liguid conc mg«L: 24.556 15.535 3120.976 6.a88
Liguid conc meg-Lz 1.228 1.278 135.695 6.880
Liquid equiv frac: . 8@9 . 889 .38z
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1.81.85

M=2,688 =q-L KICa-Hal=Z.8 KIMg-Hal=1,E Co= 628808 eg-L
KlCasHal*@-Ca= 9,54 KLMg-Hal#*Q-Ca= 3.82
Ca Mg Ha K
Liquid conc mg-L: 444,888 2v4.816 13432.9098 B.889
Ligquid caonc meq-l: Z22.288 22.6848 Z84.888 B.8064
Ligquid equiwv frac: . 835 - 8386 . 229
Fesin squiv frac: . 281 LBE2 s
Fezin conc eg-l: 482 .164 1.435
EXHALUSTION OF ABOYE REGEMERATICOHN
=2.88 eqg-L KICa-Hal=3.48 KLMg<Hal=1,2 Co= .14326808 eg-L
KICasHal#R@-Ca= 41.78 KIMg-Hal#k-Co= 16,71
Ca Mg Ha K
Liquid conc mge«L: 802, 804 128,112 2134.4006 a8.804
Liguid conc meq-Le 48. 188 16.786 92.288 8.848b
Ligquid equiw frac: 279 873 »B45
Fesin equiv frac: . 755 . 881 . 164
Fesin conc eqg-sL: 1.518 161 . 329
DIFFEREMCE BETHWEEW REGEWMERATIOW AMD EXHAUSTIOHN
Feszin cap eq-sL: 1.188 -.882 -1.186
IHITIAL EXHAUSTION LERKAGE COMCEMTRRATIOHMS
Ca Mg Ha K
Ligquid conc mg-Ls 25.878 16.817  3242.745 g.846p
Liguid conc meq~L: 1.294 i.317 146,989 g.880
Liquid equiwv frac: . B89 . 889 L9582
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L=2.88 eq-L KICasHal=3.#8 KIMgsHal=1,2 Co=1.428088 eqg-L
ElCasHal#R-<Co= 4,83 FlMgsHal#t-Co= 1,61
Ca Mg Ma k.
Ligquid canc mg-L: 488,888 437.768 3Z844.0800 @.0688
Liguid cone meg-ls 24, 884 JE.888 1428, 800 B.888
Ligquid equiv frac: LHB1E .B24 . 958
Fesin equiv frac: L858 B35 . 987
Fezin cong eqgoli 115 B7E 1.814

EXHRUSTION OF ARBOYE REGEMERATION

[=2.88 eg-L FlCasHal=3.8 KIMg-Hal=1,2 Co= .137&688 eg-L
KICasHal#k-Co= 43.68 KIMg-Hal«#@-Co= 17.44
Ca Mg Ha K
Liguid conc mg-Le 452, 6849 148,352 2345.6086 9.6484
Liquid cone meqg-L: 23.488 12.208 182. 068 6.0848
Liquid equiv frac: .1r8 . 889 3|
Fezin equiv frac: L GdE 135 219
FEezin conc eq-l: 1.293 . 274 . 438
DIFFERENCE BETWEEM REGEMERATION AMD EXHAUSTION
Fesin cap eq-Lz 1.177 . 288 -1.3F6
INITIARL EXHAUSTION LEAKAGE COWCEMTRATIONS
Ca Mg Ha k.
Ligquid conc mg~L: 4.421 4.832 2152.889 0,888
Liguid conc meqg-Ls 221 . 332 137.847 B.884
Liquid equiv frac: . 882 g2 . 936
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F=2.88 eqg-L KIlCarHal=3.8 ELMg-Hal=1.2 Co= .528190 eq-L
KICasHal#isCaoa= 11.32 KlMg-Hal#@- Co= 4.53
Ca Mg Ha K
Liquid conc mgsL: 445. 0888 EE3LETE 11178,8688 B.088
Liguid canc meg-L: 22.44848 21.7a8 426,888 B.0608
Liquid equiv frac: a4z LB41 217
Fezin equiw frac: 248 . B35 658
Fezin conc eq-oL: 493 121 1.316
EXHAUSTION OF ABOYE REGEMERATION
A=2 .88 eq-L ElCa-Hal=3.8 ELMg<Hal=1.2 Co= .133288 eq-L
KiCa-Mal#Q-sCo= 45,85 KiMg-Mal#@-Co= 18.82
Ca Mg Ma K.
Liquid conc mg-L: 832.0880 141,856 1348.84808 8,808
Liguid conc megeol: 41.c688 11.c848 S8, 800 B.988
Liguid eguiv frac: 312 8w 581
Fezin =quiv frac: ] . 426 . 141
Fezin conc eg-L: 1.%548 S . 282
DIFFEREMCE BETWEEN REGENERATIOM ANMD EXHAUSTION
Flezin cap =g-L: 1.853 -.8193 ~-1.835
IMITIAL EXHAUSTIOH LEAKAGE COMCENTRRTIONS
Ca Mg Ha K
Ligquid conc mg-Ls 3z.B76 153.893 2998.379 d.888
Ligquid conc megeL: 1.c5084 1.554 138.843 B2.08066
Liquid equiv frac: 812 812 976
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1.81.82

H=2.88 eq-L E[CasMal=3.8 ELMg-Hal=1,2 Co= .68386008 eg-L
KlCa<Hal*R-Co= &,.77 KIMgsHal#@-Co= 2,951
Ca Mg Na K
Ligquid conc mg~L: 368,088 277.248 14789.06689 B.80808
Liguid conc meq-L: 13.688 22.808 543,888 B.o68
Liguid equiv frac: 026 .83z . 948
Rezin equiv frac: . 154 . 878 .TES
Resin conc eq«L: . 388 . 156 1.536
EXHRAUSTION OF ABOVE REGEMERATIOHN
B=2.88 eq-L E[CasHal=3.8 K[Mg<Hal=1.2 Co= .144988 e=q-L
KlCasHal#QsCo= 41.41 KIMg-Hal*#G-Co= 16.56
Ca Mg Ha K
Ligquid cone mg-L: 584,008 136.132 2158.588 a.884a
Ligquid conc meg-l: 46.288 11.268 23.5680 8.8008
Liguid equiv frac: 277 N g 545
esih equiv fracs . 731 .884 . 165
Fesin conc eqsL: 1.583 . 167 .338
DIFFEREMCE BETWEEN REGEHMERATION ANWD EXHAUSTIOM
Fesin cap eq-L: 1.194 .B11 -1.28¢6
IMITIAL EXHAUSTION LEAKAGE COWCEMTRATIOMNS
Ca Mg Ha K
Liguid canc mg~L: 17.777 13.691 3286.362 B.8808
Liquid conc meg-sLs . 889 1.12¢6 142.885 6.0880
Liquid equiv frac: . BBEG . 888 . 986

215



G=z.88 =gq-L ElCasMHal=3.8 ELMgsHal=1.2 Co=1.8845888 eq-L
K[CasHal*@-Co= 3.32 KIMg~Nal#@-Co= 1.33
Ca Mg Ha K
Liguid canc mg~sLe S56.0880 24,3228 41408, 004 B.o0ap
Ligquid conc meg-L: z.go8 2.888 15688.8680 0.B868
Ligquid equiv frac: L8 881 39T
Ezzin equiv frac: . 885 .861 . 9932
Fesin conc eq-l: .818 .863 1.987
EXHAUSTION OF REOVYE REGEMERATIOHN
R=2.88 eg-L KlCa<Hal=3.8 K[Mg-Hal=1,2 Co= .128688 eg-L
kKICarHal#G-Ca= 46,66 KLMg-Hal#@-Co= 18.&6
Ca Mg Ha K
Ligquid conc mg-Ls: 448,888 136.122 2185.0468 0. 684
Ligquid conc megeL: 22.4848 11,288 95. 088 B.0684
Liquid equiv frac: .174 . B87 .7T39
Fesin equiv frac: . 658 . 132 218
Rzsin conc egeslL: 1.316 263 428
DIFFEREMCE BETWEEM REGEHERATION AWMD EXHAUSTION
Fesin cap eq-L: 1.386 . 2608 -1.566
IMITIAL EXHAUSTIOWM LEAKAGE COMCEMTRATIONS
Ca Mg Ha K
Ligquid conc mg-L: . 286 124 2957.237 8. 806
Liquid conec meg-b: 814 .814 128.57V8 0.808
Liguid equiv fracs . 8008 .Ba8 1.8809
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APPENDIX H

Multiple Linear Regression of Laboratory Exhaustion Data
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* EASIC STATISTICS AMD DATA MANIFULATIAON *
X R I Y Y L Y TR X RO R O R g g A e g e g g
1.81.01R

Data tile name:
Humber of obszerwations: 18
Humber of variabless: 2
Variables namesz:
1. TIME <=3
2. C <Cal
1.81.81R

14

The following transtormation was performed:

Yariable # 1

B.0686088
20D.B0E60
E08, 80080

1260.086068
18200, 80060
2400.88800
800, BOBOD
2608, 88008
4286,80008

24088, 88888

where a = 11.5
b = 1
c = ~158
A is

. 86688

LHE8688

SHBB27

.Baa408

. 88128

LEBAETE

812084

.B1688

81818

.B2z208

Variable # 1
Transformed datz iz

stored in Variable # 3

ar{E~bi+c:

LSt emx .

The tollowing transtarmation was perfarmed: a®*lncbHl+c

where a = 1
b= 45,8715
c = A
wois Yariable # 2
Transformed data is stored in Variable # 4 (1ncCsCA.
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1.61.81R

VMariable # 1 Variable # 2 Variable # 32 Variable # 4

OBSH

1
B.86808 80868 -158. 88860 -12.29225

2
Z88.08084 . 8008 23008, 980840 -12,29225

3 ,

’/ £848. 88880 . 88827 6758, 000888 ~-4,39124

4
/! 1260.08003 . o848 12650. BoBBG ~3.99820

5
0/, 1568.008848 08128 Z2B550. 90886 —2.8995%

[
Vé' 24008, 80080 . 8as7a 274560.80800 -1.24144
ZbBeE.Bease .B81268 242560.800808 ~-.329768

g
3588, 8880 .B1588 41250.80000 -. 26853

=1
42608, 08080 .81818 45150, 80086 -. 18688

18
2400, 8860 LB2z88 6519508, AED0A .98913
Subfile name: beginning abservation--rnumber of obserwvationsz
1. 1.81.81A1 1 3
2. l.81.81AR2 4 4
3. 1.81.81A3 8 3

i A A AR AR A R Rt R R R LRy Ry L L Y T L R Ry e e g gy g
FOLYMOMIAL REGRESSIOWM OMN DATA SET:

1.91.81AR
R R R R R R R R R R S F N S RN R F R R F R P F SRR L LR R R F X5
-~uhere: Dependent wvariable = Tn¢C-Cad
Independent variable = wu=Wt-mx

*******%***************%************************%*******************************

FOLYNOMIAL REGRESSION on Subfile”1.81.81R2° 0OF

1.81.81A

~--uwhere: Dependent wvariable = Tn{C- Ca>
Independent variable = usWt-mx
STAMDARD COEFFICIEMT

VARIABLE N MEAH VARIAMCE DEVIATIOH ODF YARIATIOHN
=it —mx 4 24869.00000
79358688 M?PD.SD

29687.86179 37.11689
TntCsCB2 4 -2.209048 2.34311 1.53872 £9.29381
CORRELATION = ,991971573833
Selected degree of regression = 1

R-ZQUARED = .98408760284¢
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STANDARD ERROR OF ESTIMATE =

SOURCE

TOTAL
REGRESSION
Ml

RESIDUAL

VARIAEBLE
TCOMSTAMT
“~1

TCOMSTARHT Y

#ed

OES#

=l il &

STD.

ROY
IF SUM OF SaUARES MEAN SQUARE F-“RALUE
3 F.B2934
1 £,.91692 £,.31692 123,88
1 B.91632 E.31632 123.88
= 11242 L B5621

FEGRESSION COEFFICIEMTS

FORMAT

-5. 388168 -, 6388097851 58E+01

BRE1Y

COEFFICIEMT
-6.3286818
.Boae1?

L 178439

STANMDARD ERROR

OBSERVED Y
~3.938248
-2.8990%9
-1.34144

-. 52708

FREDICTED Y
-3.37332
-2, 73715
-1.52897

-.44488

E-FORMAT REG. COEFFICIENT T-¥ALUE
. 38727 -16.26
FIIAVIE-AS .BpBaz 11.89
35 X COMFIDEMCE INTERWYAL
LOWER LIMIT UPPER LIMIT
~7. 35527 -4.64493
L DEB18 .0BB24
RESIDUARL STAND.RES. SIGHIF.
-. 02488 -. 18495
-. 18244 ~. 43218
27953 1.17564
-. 15220 -.564199
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-1 8@86S

4 808%S

-1 @asvd

- B@86E

XW—pA=A

1 0@8%E
-1 88862

1 8asbe

<1 89861

-1 8esdb1

4 8886

1 888ty

age-

"H1e°18°1

L

L

8 €1~
1% I
8 11-
g ol-
86—
g 8-
% A
89—
1%
8- b-
% Rl
8 e-
8" 1-
8’0

81

(@3/70)u]
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1.81.081AR

y=Vt-mx3

STANDARDBIZED RESIDURLS (vs.

BB3EE

gasie

8e9ee

vassle

8g8sse

%1% 18

gasie

Be9s61

8881

QBss1

'‘d03E1
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FEFEEEERE R L EF R T IE AL TR LA F R R RN T X E R LR TR L AT E XL XS E LR LA T F LT F L LS EXF LR L L L LR F R F LS

*

BASIC STATISTICS

AND DATA MAMIPULATIOHN

*

FEEEEE LR E LR LA TR RS R R LR R R L L L L LR B LR X LR AL E LD L LR L LB XL F L L LS R L L LB S L L XL R E XSRS EFERE

Data file
Humber aof
Humber of

names
chbservations:
variables: 2

11

Yariables riames:
1. TIME <=3
2. C (Cad

Varjable # 1

‘Variable # 2

Lageza

L oEars

. 0B228

8850

LBlE28

.B1928

Laz2eve

Q1918

LB2226

LB23E0

.Bz488

1.91.81B

1.81.81FB

fallowing transformation was performed:

data iz stored

in Yariab

following transformation was performed:

= Mariable # 2

o~

OBS#
i
B, 300088
2
fEE, AAB06
2
12660,00000
4
1206. 68080
5
2408.80000
&
2828, 060048
36080, 808088
a2
4456, 06000
E
4509, 808898
1@
Sige,. 86808
11
S780. 0086480
The
where a = 11.8
b = 1
c = —-158
% iz VMariable # 1
Transfarmed
The
where a = 1
b= 41.1323
c = B8
A
Tramstformed

data iz s=tor

in

m

1.21.81E
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a¥is b+

le # 2 (u=Yt-mx2,

a*lrnibsr+e

Variable # 4 C1n(C-CAX3,



OESH

1
4

VR ST § JR\.E\\E&\

Variable # 1

8.080008
£08.B8880
1200. 800880
1208. 8AE04A
24080.80000
23828.b8800
3800.080608
4080. 80880

4500 . 80886

1a
51608, 00080
11
S768.008080
Subfile name:
1. 1.81.81FE1
2. 1.81.681B2
2. 1.81.,81B32
* % % ¥ % The dat

Variable # 2

8z400

Yariable # 3

-1568. 888808

D.80oaen

(2]

59
140106. 6008680
21098, ABBRA
2817Va. 800848
33126.88088
35258.08008
47994, 50004
52958, 80800

cHB3E. BODBE

Ev1168.080008

Variable # 4

-4,73991

Q

« 24879

. B9838

. B2879

B8l242

beginning obserwation--number of observations

e

[

v 8
I
M
o
o+
i

L

-
-

o b3

wn
o
I_ZZI

I'[.I

[ S

i
g

kL
[
-
[,
t



Rt A AL A Al Rt L e R L LR L I L 2 L LT P TR R R ey
FOLYMOMIAL REGRESSION OM DRTA SET:

1.01,01B
R R A A ARy Y Y X T L L X T T P R

-—where: Dependent wvariable = TniC-CHD
Independent variable = u=sWYt-mx

kAR A L L Ll R e R L LR I T Y IR LT PR e
¥ EASIC STRTISTICS AND DATA MAMIFULATION *
AR R A L L Iy T

FERE LR R TR SRR R R R R R I AN L E R R LS L LR R IR L L LR B F L AL R E XA N A F R L E L F XX F R LT L AR R F XX RS F LS

* BASIC STATISTICS AND DATA MAMIPULATION *
2R I X LY R LY R Ry Y R Y L L X T X R R R A DA P A g e g g A gy
1.81.91E

Dtz file name: DRTAH
Humber of observations: 11
Humber of wvariables: 4

VYariables names:
1. TIME (=2
2. C tCadl
3. vVt -mx
4. InlCrsCA
Subfile mame beginning obserwvation—--number of observation
1. 1.81.81E1
2. 1.81.,81EB2
Z. 1.81.81B3

) M0 o
M o= 0

EE A A R R R ARl I R A Y Y AL )

POLYHMOMIAL REGRESSIOW on Subfile”1.81.81B2° OF
1.81.61B

FEEFERELEEFEERFRE R LN AT EF R L LR ERFEL L LR R I EF LI L R LIRS LR FFFFFFE LA LS LR RS XL XA EFE R TR R

=—wheret Dependent variable = 1h{(C-Ca>
Independent wariable = w=sW¥t-mx

STANDARD COEFFICIENT
“ARIAELE H MEAM VARIAWCE DEYIATION OF YARIATIOH
=it —mx 4 1v3558. 800848
823544888 M?PD.S5D
9148, 24878 52.402114
il CB2 4 -1.82421 1.858%4 1.35249 74.57989

CORRELATION = .991811233426

Selected degree of regresszion = |1
FE-SERUARED = .9336835228
STAMDARD ERROR OF ESTIMATE = .2128015&789%9

ROY
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SOURCE

TOTAL

REGRESSION

He
RESIDUAL

VARIAEBLE
TCOMSTAMT -
¥l

MSTARMT -

X~
Py
-

o
=]
(i3]

O£ o0 RO

LF SUM OF SQUARES MEAHN SRUARE F-"“ALUE
3 5.55281
1 5.46224 S5.46224 128.e2
1 S.46224 S.46224 1z2B.62
2 . B9a57 .B4523
REGRESSION COEFFICIEHTS STANDARD ERROR
5TD. FORMAT E-FORMAT REG. COEFFICIENT T-%YALUE
-4.41587 -.4415069536432E+01 25879 -17.8¢
.BEB13 . 14FE6274944568E-82 .8pB6 1 18.98
9% X COHFIDEHCE IMTERYAL
COEFFICIENT LOWER LIMIT UFPER LIMIT
-4.41367 -3.32883 ~-3.38931
.BB81S . BpBB9 .Beazl
OBSERVED ¥ PREDICTED ¥ RESIDUAL STAND.RES. SIGHIF.
-3.43894 -3.39281 -, 84693 -. 22851
-2.48282 -2.34881 -.B5521 -.25944
-1.850841 -1.381¢61 25128 1.18843
-.48546 -. 296448 -. 14986 -. 78847
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1.81.01B

X
x
X
x .
X -
X
-
L i ! 1 1 %
Q Q S W W N
= — (31| m < in
! l ! 1 |

(82/0) 4]

228

8829

8e8sSs

aesstb

ga8I b

oas8ve

gesle

vesae

go8E1

ve8s

vac-

y=Vt—mx



Y Y S i 1T L T T TRy
* BERSIC STATISTICS AWD DATA MAMIPULATION *
R R R R R R R Y T L X X R R R O e YA I P e e e R ey
1.81.82¥%
DNata file nhame:
Number of obszserwations: &
Number of wariables: 2
Variables names:
1. TIME (=2
2. C Ca>
1.81.82%
Variable # 1 Variable # 2
QES#H
1
H,080068 L ABEzZa
2
LEB, dEBHaE LBRaza
3
1288, 808006 . 88398
4
12608.0808006 . 881408
3
24848, 88880 88578
5
28B0. ARBEA 81514
B.,088088 .B1348
a2
1148, 08088 81380
The following transformation was performed: as$(H~ br+c
where a = 11,1
b= 1
c = ~-1358

Wois VYariable # 1
Transformed data is stored in VYariable # 3 Cw=Vi-mxl.

The following transformation was performned: alndbHi+c

where a = 1
b = 44,8529
c = B8
w iz Yariable # 2
Transformed data is z=tored in Yariable # 4 C(lhoCsCA3),
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Ok

Subfile
1.81.8241
1.81.8242

SH

NN AN KXW

~4

Lra)

(TR CN o
. .

¥ % % # ¥ The

Variable # 1

B.08888

B, BEABRG

1200, 89880

.BEBae

. BEana

LHEB0E

. BBBoe

guEeq

Prame s

1.81.8253

dat

VMariable # 2

. BBE28

Bpaze

« BB398

A8 148

. 88378

.B1518@

818408

beginning observation--number of

a and related

information

1.81.82%

Variable # 2

-1568. 868000
55168, 36080
13170.808060
19330. 80800
26490, 80089
331506.Bapaa
41142. 886860

453684 . 860880

1
K]
7

are

230

Yariable # 4

ztared

-4,73129

-4,.73128

-1.7&139

-2.78589

-1.381%98

—. 48767

~. 21081

~-.13851

observations

2
4
2

in 1128:HE * % % % %



FOLYMOMIAL REGRESSION OM DATA SET:

1.81.,82%
e N L T e R T R ey
~~uwhere: Dependent wariable = 1Th(C-CB)
Independent variable = y=¥t-mx
Ob=zervation # 3 VYariable # 2 -- correct valus = ,DEE39

1.901.824

Variable # 1 Variable # 2 Variable # 3 Yariable # 4

OBS#

; @.06088 . 08028 -158. 68008 -4.72188
‘; &84, agang .aaaze £516.804000 -4.73128
¢j 12608, 680608 .0BB329 13176, 800640 -1.76139
V; 150G, 58860 . 86148 15830.088008 -2.78589
u{ 2400, gooas 88578 26490, 00080 -1.38198

3008.88086 81518 33158.000006 -.4B767
! 37z20.08000 .B81848 41142.060880 ~-. 21081
® 4140. 6860088 81888 43864.00000 -.18851

231



Sy A A I I e A e A A i
FOLYHOMIAL REGRESSIOH OM DRTA SET:

1.81.82%
R I I R e I e R L L S L R E I SR A S L R R

—-—where: Dependent wariable = IniC-CB2
Independent wvariable = w=Wt-mx

Observation # 3 Variable # 4 -- correct wvalue = ~4,083973464
1.81.824%

Variable # 1 Variable # 2 Yariahle # 3 Yariable # 4
OBS#
1

8.60068 . DaBzae -158.89888 -4,.73180

y &85, 888848 . BEB2A 518, 084880 ~4.732188

; 1z200. 986848 . 88837 13178.808068 -4.85397

) 15300, 95088 L8140 190320, 96860 -2.78589

? 2400. 80806 . BE570 256493, 080648 -1.381%8

i 3800.00008 .B1518 33159.00000 -.4B7FE?

’ 3rZ8. 868000 LB1548 41142.88600 -.21881

® 4148. 890800 813868 45304. 0000 -.18851

232



e A A LA R R R e R L Ay Y I Iy
FOLYHOMIAL REGRESSION OW DATA SET:

1.81.824
REFE R R LR RS LR E R LRI AR FE R E R P S E R PR R F PR SRR F PR R RS R R L F LR R FFE S FE LR KRB E SRR E S 55
~—uhere: Ilependent wariable = 1n(C~CH}
Independent wvariable = w=Vt-mx

FOLYHOMIAL REGRESSIOHWH on Subfile 1l.81,82X2° 0OF
1.81.82%
R e e Y I I Ll

~=uwhere: Dependent variable = ThI{C/C@
Independent wariable = y=¥Yt-mx
STANDARD COEFFICIENT
YARIAEBLE H MERAH YARIAHCE DEVIATIOHN OF VYARIATIOH
V=V —mx 4 2216@8.00008
v3I92608868 M?D.SD
8598.02383 37.12445
TndCsCan 4 -2.15986 2.56432 1.68135 74.14142
CORRELATION = .93743323247932
felected degree of regression = |1
R-SQURRED = ,994992753511
STAMDARD ERROR OF ESTIMATE = .138781396736
AOY
SOURCE nF SUM 0OF SOUARES MEAH SOUARE F-YALUE
TOTAL ] 7.69296
REGRESSIOHN 1 T.550444 T.65444 397.42
{1 1 7.635444 7.65444 397.42
RESIDUAL 2 . 83852 .B1926
REGRESSIONM COEFFICIENTS STANDARD ERROR
YARIAELE S5TD. FORMAT E-FORMAT REG. COEFFICIENT T-YALUE
TCOHSTANT - -6,46251 -.5462508439%4cE+21 22671 -28.51
®el .aeais .185779373551E-83 . BpBE1 19.94
95 X COMFIDEHMCE IHWHTERWVAL
COEFFICIENWT LOWER LIMIT UPPER LIMIT
“COMSTANMT - -6.46251 -7.431208 -5.49382
wel . 868619 . 88815 . 980823

QBS# OBSERVED ¥ PREDICTED ¥ RESIDUAL STAND.RES. SIGNIF.



[ )R -

-2.78589
-1.38198
-.48767

-2.77858
-1.54121
-.38392

234

~. 88739
15931
-. 18375

-.83324
1.1479¢
~. 747358



1.81.82X

< 8082+

1 0081+

-1 B@8SGE

pe8ee

vasee

y=Vt—mx

8881

Ba811

1 888S

Bazc-

8.0

-1.8

-2.08
-3I2

(B2/3) U]

235

-4.08

s



¥ BASIC STRTISTICS AND DATA MAWIPULATION *
LR L s Y Y T
1.81.02B

Data file name:
Mumber of observations: &
Number of variables: 2

Variables names:

1. TIME (s>
2. C <(Ca>
Obzservation # 4 Yariable # 1 -- correct value = 1868
Observation # 4 VYariable # 2 -- correct value = .025&
1.81.82E

/(?M)(S) ¢ ;/C’\)
Variable # 1 VYariable # 2

OBS#
8,80080 . 8068088

v

v2n.000008 .8

06 aag4a
1260. 0600848 88228

74
1288. 00808 . 825608

5
2486,.00000 83968

[
3008.00000 .?1496

o

The following transformation was performed: ax{¥{~bl+c
where a 11,18 Al il ™ /ae
b 1
c -158 - mf BV
¥ is ¥Yariable # 1
Transformed data is stored in Yariable # 3 (w=sVt-mxr.

The following transformation was performed: a®*lnibxr)+c
where a 1 !
b 23.8895 - — .
c ) ) %L
A is Yariable # 2
Transformed data is stored in Yariable # 4 (IniC-C@30.
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OBS#

NAN -

w

Subft
1.
2.
3.

# % ¥ ¥ ¥ The data and related

Yariable # 1

0.800800
720.0080008
1200. 848088
1808. 806006
2400. 80080

30006.B0B6G

ile name:
1.81.82B1
1.81.82B2
1.81,82B3

Variable # 2

. B0BBe

. 80848

LEa228

» 82568

.B839%68

.41488

1.81.828B

Yariable # 3

-158. D880
F89%9.500080
13266. 80080
19974.8600680
266582, 0006880

33390.080D00

i
2
]

Variable # 4

-6.55188

-4.653%6

-2.94921

-.453588

-. 83884

2.28820

information are stored in

beginning cobservation--number of cbservations

1
3
2

112B:HE % % % % %



X R Y I A A P LR T )
POLYNOMIAL REGRESSIOW ON DATA SET:

1.81.82B
L I T I Y Y Y Y T ey
--wheret Dependent wvariable = 1h{(C-CB
Independent wvariable = w=WVt-mx

POLYNOMIAL REGRESSION on Subfile“l1.81.82B2° OF
1.81.82E
SRR L LR R L I I I I L L E R E Ry,

--where: Dependent variable = 1niCrsCB>
Independent variable = ysVt-mx

STHMIOARRD COEFFICIENT
VARRIARBLE H MEAM VAR IANCE DEVIRTION OF YARIATIOHN
wEVL —mx 3 13713, z2680068
36597774.72 M7PD.SD

684%,.568947 44.11523
ThiC-CBA> 3 -2.569342 4.37828 2.89856 Fe.44878
CORRELATION = ,9992161294¢
Selected degree of regression = |
R-SQRUARED = ,998432873616
STAHDARD ERROR OF ESTIMATE = ,11784455556¢
AOW
SOURCE oF SUM OF SQUARES MEAN SHUARE F-“ALUE
TATAL 2 8.74175
REGRESSION 1 8.7z2885 5.72803 537.11
#el 1 8.72885 3.72885 £37.11
RESIDURAL 1 .81378 .81378@
REGRESSION COEFFICIENTS STRAMDHRD ERRCOR

VARIABLE STD. FORMAT E-FORMRT REG. COEFFICIEMNT T-WALUE
“COHSTAMT A -7.453488 -.743488878357E+D1 19941 -37V. 28
®l »BAB3T . 345323156928160E-83 .B8661 25. 24

99 X COMFIDENCE INTERYAL

COEFFICIENT LOWER LIMIT UFPFER LIWMIT
TCOHSTAHT S ~7.43480 -9.69818 -5.17951
nel . B8B35 LBaE1s . 80658

238



RESIDUAL STAHD.RES. SIGHIF.

o

OBESH QESERVYED ¥ PREDICTED

i
2 -4, 65396 -4, 78594 NCLEET: . 45268
c -2.94921 -2.85384 -. 89537 -. 81482
4 - . 49555 -, 53747 .34239 L35214

239



Je
&wwﬂ

XW—3A=A

. %]%12121

e

1 o862

g4e28°18°1

g e~

(B2/2)u|

240



¥ BASIC STATISTICS AND DATA MANIPULATION *
Ly i I I I T I T T )
1.@1.83

Data file name:
Nunber of obserwvations: 8
Number of wvariables:; 2

Variablez names:
1. TIME (s
2. L (Ca>

1.81.83

Variable # 1 Variable # 2

OBS#
1
p.00800 .B8BB18
2
J/ 904.60680 . 880848
3
180.0868808 . 806848
4
vé 53800.086600 .B8168
6688, 08800 .81848
)
T2bd.00000 .862118
7
8480.00060 . B2358
g
93008.080600 . 82458
The following transformation Was performed: a%$(X~bl+c
where a = 5.2
b= 1
c = -158

R is Yariable # 1
Transformed data iz stored in Mariable # 3 (usV¥t-mxd,

The following transformation was performed: a*$ln{bX>+c
where a 1
b 37.3134
c 5
A is Yariable # 2
Transformed data is stored in Yariable # 4 (1ncCoCAN),



1.81.83

Variable # 1 Variable # 2 Variable # 3 Yariable # 4

OBS#

1
8.20000 88018 -1548. Badoe -9.598399
) S0d. 0B00E . Baada 4538.08809608 -4.284%9
: 1268, 000806 . BBO46 THEE. 828680 -4.,284€9
! 2800.60680800 -081c8 13450. 80880 -2.21348
i EERE, DRBAG 81848 31850.848B88 ~-. 37685
; YZae.8688080 .az118@ A7298.08088 —.2391é

-
I 24568, 08880 . B2358 43530, 080088 -.13148
® SI0B. 080606 82458 48210808848 ~.@38973

# ¥ # % # The data and related information are stored in 113:HE * % % % %

242



Subfile name: beginning cbservation--number of obserwvations
1. 1.61.831 1
2. 1.81.832 3
2. 1.81.833 )

Gy WM

¥ ¢ % % ¥ The data and related information are stored im 113:HS #% % % % #

243



P T e I T ]
POLYHOMIAL REGRESSION ON DATA SET:

-~wheres:

Obzervation # 23 Variable # 1
Observation # 2 Yariable # 3 ——- correct value

w

Dependent wariable =

Independent variable =

Variable # 1

8.088060

9668, pRLaD

1206, 888048

3p0H. 80006

cHBE. BOBDO

7280, 808000

24080. 08080

9308,.0800848

Variable # 2

88818

. Ba16a

01848

82118

. 82358

LB2458

-~ correct value

1.81.83

1n{C-Ca@’
vt —mx

1.81.83

Variable # 3

-1068. 80008
4538, 8686860
3218.888049
15450. bBBE0
21858, 08809
3AVZ90.8600088
425368.8868608

452108.00000

244

1880
2218

Variable # 4

-5.59899

-4.2846%9

-4.28469

-2.81848

-. 37685

-.23913

-. 13148

-.88972



LR s L L I T LYYy R T T Ly
POLYHOMIAL REGRESSIOW OW DATA SET:

1.81.83
A A L e L Ly L L Ly Y L L g )
--whetre: Dependent wariable = Tn(C- 28>
Independent variable = w=Vt-mx

AR A A R AR AR L R R R R R R L L T R R RO R g g Y

FOLYHOMIAL REGRESSION on Subfile 1.81.832¢ OF
1.81.83

FELELE L IR FE LR R R L F R RS EF R L L PR LR IR R S E R R LR R E R R P P F PR BN IR R XA E RS R F S AR F LR SRR PSSR

~-where: Dependent variable = Th(CsCa)
Independent variable = usVt-mx

STAHDARD COEFFICIEHNT
VYARIABLE H MERN VYARIAHCE DEVIATION OF YARIATIGH
wEYE - 3 158570. d0006a
126547286 M?D. 5D
11249,.31998 60, 57792
TniCsCld 3 -2.46638 3.75V58 1.93844 FE.59451
CORRELATION = ,996428199985
Selected degree of regression = 1
R-SQUARED = ,992853214994
STRHDARD ERROR OF ESTIMATE = .231751939193
AOY
SOURCE nF SUM OF SCQURRES MEAN SQURRE F-WrLUE
TOTAL 2 Y.51512
REGRESSIOHN 1 Y.d6141 F.de141 138,92
11 1 T.46141 v.456141 138,92
RESIDURAL 1 LB5371 . B3271
REGRESSIOHW COEFFICIENTE STAMDARD ERROR
YARIAERLE STD. FORMAT E-FORMAT FEG. COEFFICIEHT T-“ALUE
“COMSTAMT < ~5.80484 ~,.5e548438777EE+81 28128 -12.74
®1 .BEB817 .171633595988E-83 . 0B6a1 11.793
95 X COHFIDENCE IMTERWAL
COEFFICIENT LOWER LIMIT UPPER LIMIT
TCONSTRHT A -5.65484 -9.86321 -2.241482
#l . B8B17 . B0861 . 380834



QB3ERYED ¥ FREDICTED ¥ FESIDUAL STHAND, RES, SIGHIF,
-3 .2084593 ~4.,87343 -. 13129 ~. 56514
-2.31349 -3.8820% .132328% L TR253
-. 375829 -, 32357 -.83248 -, 22648
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1.81.83

(82723 u|
247

Be8ly

vas1 v

ga8seE

gesee

%]%] 2] ¥

BaBsL1

Bas11

gass

y=Vt-mx



* BASIC STATISTICS AWMD DATA MAMIFULARTION *
S IR TR Y R ey A A R L R R R ARt ]
1.81.84

Data file name:
Humber of obszervationz: 9
Humber of variablesz: 2

Variables names:
1. TIME <=3
2. L <Ca>

l1.91.84

Variable # 1 Yariable # 2

OESH
i
) B.86088 . BBEBE
% £B8. 080048 88128
M; 1288. 88088 Le8128
'g 2400. 80860 Loglge
qf 3600.000808 . BA56a
4800. 68680 .81e88
! E8DE ., BOa0s .82810
? r288,. 86880 82338
’ Sd460.868008 . B2338

The following transformation was performed: a%(H~b)+c
where a = 5.1
b 1
c ~158
A ois VMariable # 1
Transformed data is stored in Yariable # 2 (u+Wi-mxo.

The following transformation was performed: a*lnibrl+c

where a = 1
b= 43.1834
c = @

A is Mariable # 2
Transformed data iz stored in Yariable # 4 (In{CsCBH).
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OES#H

]

N N N

WO

B.B06B08

SHE,. BEOBE

1298, 086048

2400, 80008
3660, BOEDO
4500, 00080
£000.00000
7200.00066

£400. 00800

Subfile name:
1. 1.81.841
2. 1.81.842
3. 1.81.843

. BB888

80128

88128

.8le88

02010

. 02338

LB2338

1.81.84

o
B
[
o
™
1
ta

-158.80080

291@.06088

S5978.00800

12090, 066G

asm T IL s T LLT

13210. 000008

24338, 0800860

204508. 6800008

36578. 88080

42698, 00008

1

4
7

-12.35449
-2.961832
-2.96183
-1.42139

- 32277
-.14343
. BB430

» 88430

beginming observaticn--number of observations

3
3
3



# % % ¥ % The data and related information are storsd in 114:HS % % % % #

R Iy Yy I T Ly
FOLYHOMIAL REGRESSIOW OM DATA SET:

1.81.84
EFEFREFF TR L LR R LB R N T LR E LT AR LR F LA XL E XL LSRR ELLEREF LI L L S E R R LR EF LR SRR XX FER

TndiC-Cal
Y+t —mx

variable =
variable =

Dependent
Independent

--where:

FEEEFELE LR ER R XA A FTE LR AR L L LR F A AL I LIS A LR LT E LS T LI R LR F LA FEFEXRF IR XL R H SRR SR

on Subfile’1.81.8427 OF
1.81.684
SRR R R Ry e L L L R L R Ly L L Ly I T T T T T3 T Ry

FOLYHOMIAL REGRESSIOH

-—uwhere: Dependent wvariable = Th{C~CH
Independent wvariable = w+Wt-mx
STAMDARD COEFFICIENT
YARIAEBLE H MEAM YARIAMWCE DEYIARTION OF YARIATIOH
W+ —mx 3 182108.080B00
37454488 M7D.5D
6126, 80060 33.60791
TntC-Cax 3 ~1.433251 1.24734 1.11685 ¥r.38928
CORRELATION = ,999955218285
Selected degree of regression = 1
R-SRUARED = ,999911638214
STAMDARD ERROR OF ESTIMATE = 1.484708047484E-02
ROY
SOURCE DF SUM OF SQURARES MEAN SQUARE F~-YALUE
TOTAL 2.49469
REGRESSIOHN 1 2.49447 2.49447 11316.19
“rl 1 2.49447 2.432447 11316.19
RESIDUAL 1 . BEB22 .B@agzz '
REGRESSION COEFFICIEMTS STAHNDARD ERROR
VYARIAEBLE STD. FORMAT E-FOEMAT REG. COEFFICIEHNT T-%ALUE
TCOMSTAMT - -4.75653 -.475652522823E+01 .B3239 -146.84
w1 LBAB18 . 132423824569E-83 . BE6BBA 186,38
95 X CONFIDEMCE IMTERYAL
COEFFICIEHNT LOWER LIMIT UPPERE LIMIT
“CONSTARNT - -4, 75653 -5.12289 -4.3%0816
#~1 .88818 .80816 . 88828
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[

oy (n B 3

OBSERM

-
=2

-1.

0y b A

Pyt m
[

]

S B TR I X

=j u j =

FREDICTED V¥

-2.535831
-1.43351
-. 31671

251

RESIDUAL
-.BB8B6
B1212
-.0BEEE

STRHMD.RES.
-. 48825

. 81558

- GR3235

SIGNIF.



1.81.84

(8270) 4|
252

-13.0

gesidy

va8sE

ve8e2

gesee

y+Vt—-mx

ves8ll

eesl1

8a8s

Bac-



A L I I ey Y]]
ERSIC STATISTICS ANMD DATA MAHMIPULARTION
R R R L R A R R L L e Y IEITEY )

*

Data file name:

Number of

Humber of wvariables:

Variables names:

The following transformation was performed:

The following transformation was performed:

1.
2

v o v oo oo KN K -=

TIME (s
C <Ca)

Variable # 1

Bb.000086

1B26.08600

2180. 00880

Z086,.008800

2966.00080

4800. 80008

TTE0.000080

cGB6.0686480

7300.BB6008

where a = 5.2
b= 1
c = —-135@8

% is Yariabl

Transzfarmed data is stored

where a = 1
b = 24.9581
c = 8

A is Yariabl
Transformed

observations: 9

2

Variable # 2

. 8658

.B848150

. 88758

LB2748

.B3580

. 83928

83928

. 83928

. 84108

e # 1

e # 2

data is stored

1.81.85

1.81.85

as(H~br+c

in Variable # 3 Cu=Wi-mxd.

in

Variable # 4

a¥*lncbXr+c

ClnoCACanr.

*



ul
woo® o~ $\ u\\r&\ - 3

Variable # 1

8.880688

1826.BO0BA

21868.080806

J808.08086086

29p0. BpEeY

456808, BBBO0

S7pD. BBOEs

6688, DBEBA

Y5868, 08880

Subfile name:
1. 1.81,851
2. 1l.81.8a52
3. 1.81.835z

¥ 2 % ¥ % The

data and related

83928

. B3380

.B4108

1.81.85

VYariable # 3

-158. 88808

S154. 80800

197 7Vo. 86088

201320, 800808

24810. 80088

29498. 00880

34178.86008

I8850,. 80080

e

information arse

254

Variable # 4

beginning ocbzervation-—hnumber of obserwvation

ztored in

11S:HZ # % % % %



LR AR R LA L L R X TR R TR R R R gy
FOLYHOMIAL REGRESSION OW DATA SET:
1.81.895

§***%*******%*%********%**%**********************%**%*********i*********ﬁ******%

—-uwhere: Dependent wariable = 1n{C~-CA>
Independent wvariable = w=Wt-mx

e A a A R L b R R R L R R R L L L L R g T gty Py

FOLYMOMIAL REGRESSIOW an Subfile l.@81.6852° 0OF
1.81.85

A st AR A AR R R RS R R EEEEEEEEEEEEEE R L E L L T T T L R parap ey

~--uwhere: Dependent variabhle = 1Th{C-CH?
Independent variable = y=Yt-mx

bR A A AR A st el At b E R R Y Y R TR TR R R NP e P Y

FOLYMOMIAL REGRESSION on Subfile’l.B1.0527 OF
1.81.835

FEE RS LT R R LR FF AR LR LR F R R F L L RN A R LS F R R TS EF L F L L SRS E X F R LI LS L LR L LTS EF R EE

~-uwhere: Dependent wariable = 1noC-oC@)
Independent variable = w=W¥t-mnx

STAHDARD COEFFICIENT
YARIABLE H MERN VARIAMCE DEVIATIOHN OF MARIATIOHN
L=t —mx 3 18455. 808068
26374912 MPD. 3D
S155.888832 49, 29323
ThoC-sCas 3 -1.767v50 2.1

[
r2
Lyl
(Y]
o0
)
5
1]
[¥x]
=
(]

1.456495
CORRELATION = 999678518685
elected degree of regression = |

F SHUARED = 993935714882
STANDARD ERROR OF ESTIMATE = 5.22415734831E-02

ROY

SOURCE LF SUM OF SQUARES MEAW SHURKE F-YALUE

TOTHL 2 4.
REGRESSION 1 4
nl 1 4.
RESIDUARL 1

[ N
o

5
]
[
- if]

P
M £ paoOn
~d Ry T O
00y O 00
o
$
@ b £
r o
-d K3 T
1 T
on
o on
AN
$u =
onoon
on

=
o .

REGRESSION COEFFICIEHNTES STAMDARD EREQR
YARIAREBLE STD. FORMAT E-FORMAT FEG. COEFFICIEHT T-%RLUE
TCOMSTAHT -4, 72222 -.47E2220867000BE+01 Lazave ~38. 45
“el LBBB2E L 2825320813090E-03 .DBael 39.43

95 X CONFIDEMCE INTERVAL
COEFFICIEHNT LOWER LIMIT UFFPER LIMIT

265



CONSTANT *
#e 1

NES

LR 5

LR VY I O

OBESERVWED ¥
-Z.28541
-1.63675

-.22R33

—-d.72222 -5.63587
L H8023 LBEBEZA
FREDICTED ¥ RESIDLIAL
~3. 26585 -.B1936
=1.679335 LB42E8

~. 353714 - . B2323

256

~3.88857
Apc]sizicl

STHND.RES.
-, 37RE2
LB1537

—. 44475

]

MIF.



1.81.85

b4

-1.0

1
N
m

l
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# BASIC STATISTICS AND DATA MAMIFULATION ¥
S I I T T T e s e s X T L]
1.81.86

Data file name:
Number of observations: 9
Number of variables: 2

Yariables names:
1. TIME <s>
2. C <Ca>

1.81.86

Variable # 1 VYariable # 2

OBS#

1
u{ 8.8060808 .BBB18
j{ &£50. 880880 . BBz
M{ 1569. 000806 .0B240
Vé 2288.00800 811608
2760, 80008 81478
® 29€0.00600 82180
’ 4560. 80000 LB2228
; S160.00000 822406
’ S7¢0, 80800 82448

The following transformation was performed: as{X~bl+c
where a = 11
b 1
C -158
# is VYariable # 1
Transformed data is stared in Yariable # 3 (u=Vt-mx),

The following transformation was performed: asxln(bX)+c

where a = |
b = 42.735
c = @

¥ is VYariable # 2
Transformed data is stored in VYariable # 4 (1n(C~sCAX),
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Variable # 1

8.00068

€cB. 00800

1568.060606

22868.060608

27¥608.008008

39¢0.00800

456D, 060866

S150.08600

SYe0. 800680

Subfile name:

1.
2.
2.

* % ¥ ¥ ¥ The data and related

1.91.0861
1.01.882
1.81.863

Variable # 2

. 08018

. 8806206

. 88248

.81180

.B1470

.82188

-B2228

822408

. 82448

1.281.86

VYariable # 3

-1568.080080

7118.00000

17810.8060088

24930.080808

382108.0800608

43410.0860088

SpBel18.00080

95610.680008

€32108.0806800

Yariable # 4

-5.45532

-4,76217

-2.27727

-. 75484

~.45489

-.87883

-. 84368

84185

beginning observation--number of observations

Lo T R

information are stored
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# # % ¥ % The data and related information are stored in 116A:HE % % % % #

R L s N s s i It
FOLYNOMIAL REGRESSIOM OM DATA SET:

1.81.86
R L s I T I T T )

~-where: Dependent variable = 1n(C~-CH)
Independent variable = y=Wt-mx
e L L Ly Y L Ry T T
POLYHOMIAL REGREZSION on Subfile”1.81.882R° OF
1.61.86
R R R R R R L Ly s L Y A R T L)

~—where: Depenrdent wariable = Tn(CsCAD
Independent variable = usYt-mx

STAHDARRD COEFFICIENT
YARIABLE H MEAN YARIAMCE DEYIRTION OF VYARIATIOH
VA —mx 3 16350. 880606
79714308 M?7D, 5D
8928.31451 S4.687473
TniC-sCll 3 -2.59889 4.89188 Z.32234 Fr.55254
CORRELATION = ,997283408432
Selected degree af regression = 1
R~SQUARED = .994574188604
STHNDARLD ERROR OF ESTIMATE = 218721397323
AOY

SOURCE LF SUM OF SQUARES MEAN SQUARE F-%ALUE
TOTAL 2 g2.1837
FREGRESSION 1 8.13935 8.1393% 183,30
Hel 1 8.13933 8. 13935 153,349
RESIDUAL 1 . 84448 84448

REGRESSIOHN COEFFICIEMTS STANDARD ERROR
YARIABLE STD, FORWMAT E-FORMAT REG. COEFFICIENT T-¥ALUE
"COMSTANT -6, 29236 -,56292368%7V871E+A1 . 29875 -Z1.88
el LBEB23 L Z225948%90143E-83 .GBaaz 13.54

95 % COWMFIDENCE IHTERWAL
COEFFICIENT LOWER LIMIT UFFPER LIMIT

‘COMETRAMT - -F.292386 -9.6713@ -2.91342
#l LBBB823 . .Bec64d . 606841
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LE

OBSERVED ¥ FREDICTED ¥ RESIDUAL

SH STAHD.RES. SIGHIF.
2 -4.76217 -4.62858¢ -.87631 -.325214
3 —2. 27727 -2.44237 17178 81482
4 -.ro484 -, 65945 -.B83539 -.452¢8
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FON—BAHRNCE—ERROR TS TINE-
C“elﬂ‘bv/ar/

LA AL A A A RS R A R LI LT LT R TR EE Y X X A R e R e g g g gy

* BASIC STATISTICS AND DATA MANIPULATION *
R L e I I Y E T T XY T T T T R e g g e g g P
l1.81.87

Data file name: 117:HS
Number of obserwvations: 8
Number of wvariables: 4

Yariables names:
1. TIME <s>

2. C (Ca
3, y=V¥t-mx
4., 1h(CrCB>
Subfile name beginning observation--number of obserwations
1. 1.981,871 1 2
2. 1.81.872 3 2
3. 1.81.873 5 4

1.81.87

Variable # 1 VYariable # 2 VYariable # 3 Yariable # 4

OBS#
1
B,.000808 .88018 -156.8680080 -6.82068
2
6806.0808B680 . 88298 £450. 0800806 -2.63618
3
1260.00000 . 88276 126856.6000080 -2.71zev
4
1308.08060 83864 19650.60060 -.87381
5
2340.0608006 .B83840 25590.00000 -.98004
&
2796.806800 . 84808 29556.0608068 -.83922
7
3480.000080 . 84060 38130.60060 -.82433
3
42006.08000 . 84670 4&£856. 86000 -.82187
Obserwvation # 2 Yariable # 2 -- correct value = ,BB8398
Observation # 2 Yariable # 2 -- correct value = ,B2276
Observation # 6 Yariable # 2 -- correct value = ,08464
Observation # 7 VYariable # 2 -- correct value = ,0487
Obserivvation # 8 Variable # 2 -- correct value = 8486

1.81.87

VYariable # 1 Variable # 2 VYariable # 3 Variable # 4

OBS#H
1
0.80000 .BpBa18 -150. 88080 -5.0386%
2
c00. 00800 . 00398 £€450.BEBBO -2.63618
3
12008. 000080 82276 13858.60000 -2.71287
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1800. 80688 . 83864 196568.06868080 -.87381
=]
2340. 080808 . 83848 25590.068888 -.98884
6
2788.80800 .B4€408 29558, 09880640 -.B3922
7
2488.6808008 . 84878 38130.060888 -.82433
8
4200. 86000 . 040608 460568.08800 -.B2187
The following transformation was performed: ax(¥~bd+c
where a = 11
b= 1
c = -158

X is Variable # 1
Tranzformed data is stored in Yariable # 3 (w=¥t-mxd.

The following transformation was performed: a*lnibXl+c

where a
E

C
X is VMariable # 2
Transformed data is stored in Variable # 4 {1n{C-CA>).

LN

24,9385

i n

[

1.81.87

Variable # 1 Variable # 2 Yariable # 3 Yariable # 4

OBS#
1

B.6668848 .opa18 -158.80800 -6.838683

: £00. 888080 . BB398 £458.000808 -2.34682

’ 1260.86000 .B2276 13850.6866800806 -. 58389

* 15p8. 08888 . 83564 19650. BDEB -.87381

° £348.88800 833448 25990, 860008 ~.856884

© 27B80. 888848 .Bd4E48 29550.88000 L1@92a

! 3420.BDOB0 . 34870 381308.80080 ~-.082187

° 4208. 80000 848608 45050.8686888 -.82432

S R L R L I Y ]
POLYNOMIAL REGRESSIOW OM DRTHR SET:

1.81.87
L sy Iy Y Y e ey
-~where: Dependent wariable = 1nd(C-sCB>
Independent variable = y=Wt-mx

SUBFILES HAVYE BEEWM DESTROYED.

(11}

Subfile names beginning observation-—numbsr of obserwvation
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1. 1.81.81-1 1 1
2. l.81.87-2 2 2
3. 1.81.87-3 4 S

EEEEXRFE LR F IR E R RS FE A RN R F L RN TR R AR L LR LR AR FF AL SRR R FF LR F ST F R P HFFEFEX L RFEFLEREN

FOLYMOMIAL REGRESSION on Subfile”1.81.87-2¢ OF

1.91.87
FEEEE R F R R LR EEFF LR LR LR R FF XL FRF LR R AR EE L R R E R L F R F AR R L FF R R SRR RS SRR LR XXX R XEX %S

--where: Dependent variable = Tnd{(C-C@a>
Independent variable = y=Vt-ux
STAMDARD COEFFICIENT

“YARIAELE M MEAH VAR IAMCE DEYIRTION OF VYARIATION
vVt —mx 2 9750.80080
21788688 M7D.SD

4666,.38476 47.B8BE569
tnccoCal 2 -1.47436 1.52828 1.233808 83,5953
CORRELATION = 1,68000000001

Specified maximum degres is too large for computational accuracy!

STANDARD COEFFICIENT
YARIABLE H MERN VARIAMCE DEVIRTION OF VARIATIAOW
W=t —m 2 97506, 80086
21720888 MP?D,.S5D
4666, 90476 47.86569
Tn{C-Cad 2 -1.47438 1.5z028 1.233608 83.59563
CORRELATION = 1.80900080001
Selected degree of regressiaonh = 1
R~SQUARED = .9999993999342
STRNDARD ERROR OF ESTIMATE =
ROV
SOURCE DF SUM OF SRAURRES MEAN SGRUARE F-YALUE
TOTARL 1 1.52828
REGRESSION 1 1.52@828 1.52828 B.88
a1 1 1.5z2B282 1.52B28 8.00
RESIDUAL a . 88080
REGRESSIOH COEFFICIENTS STRHDARD ERROR
YARIAELE STD. FORMAT E-FORMAT REG. COEFFICIENT T-VALUE
TCOMSTAMT S -4,8%5871 -.4858260947431E+81 4.858467 -. 83
el LBBBZE (2642084227 35TE-B2 B s]slzl=gs] SrS54.29

95 % COMFIDEHMCE IHTERYAL
COEFFICIEHT LOWER LIMIT LUFFER LIMIT
"COMSTARMT -4.85891 -4.6836891 -4, it

v AAGAS [l = R e i TBED



OBS#

Subf
1.
2.
3.

¥ ¥ % % % The data and related

v W :i\_ﬁk\f#\ S\\(ﬂ N

Variable # 1

¢.86000
420.60000
1680, 080800
1658. 88000
2280.080880
3680. 00000
3360.06880
3848.060800
43208.00000

4980. 600060

ile name:
1.81.681
1.81,8082
1.81.883

VYariable # 2

00010

. 08180

88180

.BBz248

. BB6E8

81638

. 02860

.B831440

. 83408

. 935280

Variable # 3

-15@. 80884808
1929, 88008
S19€.800808
8166, 88800
11136.08808
147868.08B6BSG
led432. 0060060
18858. 88060
21234, 060088

24501 .60000

beginning observation--number of

1
4
8

information are stored
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Yariable # 4

-5.99645

-3.10608

-3.186688

~-2.81840

-1.98211

-.86633

-.3484¢6

-.24786

~. 16751

~-. 13282

abservations

W H W

in 118:H8 % % % % %



E¥EEFFEFEFE LIRS LR A F IR E R R R R AR R R R R R R AR R AR R R E R R R R R R R EF RS RGN SRR EFREFEEH
POLYMOMIAL REGRESSION OM DATA SET:

1.91.88
FEFEFERFFFRLF SR RERFRF S SR LERF LA LTS LR R E R R LR AR RN SRR FF SRS R R R IR R R X RS ERHEF R RS

~-where: Dependent wariable = 1n{C~CH>
Independent variable = vu=\Vt-mx
A L Y Yy X T TR o
FOLYHOMIAL REGRESSION on Subfile”i.81.8827 0OF
1.81.488

==-where: Dependent wvariable = Tn(C/CH)
Independent wvariable = w=VYt-mx

STHHNDART COEFFICIENT
YARIABLE H MEAH VARIANCE DEVIATION OF YARIATIOH
vyt —-mx 4 12621 .86068
137s8684 MPD,.5D
27983.352381 29.39172
TheCoCB2 4 -1.4218%8 1.21473 1.1821°7 74.37545
CORRELATION = ,3993115336783
Selected degree of regression = 1
E-SRUARED = .999823881271
STANDARD ERROR OF ESTIMATE = 1.73542274845E-62
ROV

SOURCE DF SUM OF SOURRES MEAN SGUARRE F-YALUE
TATAL 3 2.64434
REGRESSION 1 3.64369 3.64369 11382.63
el 1 3.64369 3.643269 11382.63
RESIDUAL 2 . 88864 . 88832

REGRESSION COEFFICIEMNTS STANDARD ERROR
YARTARELE STD. FORMAT E-FORMAT REG. COEFFICIENT T-VYALUE
TCOHSTAMT 7 -5.23148 -.5231483283303E+081 .B3539 -143.75
¥l .BBa3e .297892393153E-83 . 8088 1e.31

95 X CONFIDEMCE INTERVAL
COEFFICIENT LOWER LIMIT UPFER LIMIT

TCOMSTAWT -5.23148 -5.3869%3 -5.87598
¥l .88828 80829 . 88831
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COBS# OBESERVED Y PREDICTED ¥ FRESIDUAL STAND.RES. SIGHIF.
4 -2.81848 ~2.283543 ~.81297 ~. 7247
5 -1.98211 -1.92388 LH2095 1.1&6787
& -. 86655 ~. 26423 -.B@A233 -. 12959
7 -.34845 ~. 33431 -. 88565 -.31491
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* BASIC STATISTICS AMD DATA MAMIPULATICON *
i b d d A A R R LR R R Y S Y Y,
1.82.081

Data file name:
NHumber of observations: 14
Mumber of variables: 2
Variables names:

1. TIME <=2

2. C Cad

l1.82.81
Variable # 1 Variable # 2

g9.00000 LepER2
2428, 80800 . BEBRZ
4620, 889886 . B@B03A

2
4
va
S1o0w. 08888 08898
A
&
v
]

S4e8. 08080 88138

£1208.00680 868134

£428. 98880 Apcicirgey]

£7V20. 880888 L BE324

YEB8. 08068 81184
19

vioH.00BEe 01488
11

ve2E. 08880 LB1568
|

r8cH. DEAAD 01548
13

21068, 98608 LB1828
14

8520, vaBaa .B2188

The following transfarmation was performed: as(E~bl+c

where a = 4,98
b= 1
¢ = ~15a

% is Mariable # 1

Transtformed data i= stored in Variable # 3 Cus¥Wt-mxd,

M

The following transformation was performed: a$xlncbHEi+c
where a = 1

b= 34,5429

R

A i3 Mariable # 2

Transformed data is stored in Variable # 4 C1n(CoC@as.,
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VYariable # 1 Yariable # 2 Variable # 3 Yariable # 4

DES#

1
0.B808809 . 8pRB2 ~156.600086 -r.B2188

2
U; 3428.840004 . BBage 16281.£88096 -7.82188
V; 4620, 0A000 . 00839 Z2857.60008 -4.31383
,? S106.680000 . 588349 20248, 0008080 -3.21442
° S460. 08000 . 88138 27B48. 38008 ~-2.78698
VZ 6120.806080 88134 IA3ZZV.E0000 -2.81639
yg’ f426.00008 LA8FzZa 31821.60088 -1.132498
E720.00888 LBB924 23315. 60000 ~-. 88552
? 7O268.98080 .811584 35188.400880 -. 63758
e F356.000008 81428 36602, 42000 ~.41443
H TEZO. 898849 .01568 3V797V. 60008 -.36179
e TEEa. 898849 81348 38992, 80080 -. 19671
H 21680.00004 .H12328 40138, A0H0H -. 28764
H 2520.800008 LH21588 42E79.60088 -.82715

* * # % % The data and related information are stored in 1213HE % % % % #
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R Y L Y L L e Y Y S E X T LR T T X R Ry

FOLYMOMIAL REGRESSION ON DATA SET:
1.82.981

L e Y Y Y Y Y Y Y Y

--where: Dependent wvariable = 1niCsCB)

Independent wariable = wu=¥t-mx

Obzervation # & has been deleted, 13 ocbserwvations remain.

Subfile names beginning obserwvation--number of observations
1. 1.82.811R 1 2
2. 1.82.812R 3 =
. 1.82.813R 2] &

# % * ¥ % The data and related information are stored inm 121A:HE * = * % %

FFEFEFEFEFF LI EFNLE I IL L EE LR FRL T LI F AL TR LN ELRLE A FLH L P L E R LS LR T EFSE LR FEEFSREE RS R E SR

POLYMOMIAL REGRESSIOM on Subfile l.@z.@12A° OF
1.82.01

LA R A LR AR AR A LR SR st P LR ErT SRR LS EELEEEESEELEELEELE RS L X

Dependent variable = ITniCsCB>
Independent wvariable = wusVt-mx

~-uhere:

STANDARD
WARIAEBLE H MEAK VAR IARMCE DEVIATION
L= = =] 288356, 7ZBaa
19445497.63 M7PD.S5D
4489. 78494 15.71711
Tno-Ca2 o -2. 465693 2. 028506 1.44432

CORRELRATION = .995281753B56

Selected degree of regression = 1
R-SQURRED = .998426529857

STAMDARD ERRCOR OF ESTIMATE = 152188847825
ROV
SOURCE LF SUM OF SRUARES MEAN SRUARE
TOTAL g.34422
REGRESSION 1 5.2e434 2.26424
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COEFFICIENT
OF WARIATIOM

S8, 54589
F-YALUE
319, 37



11
RESIDUAL

YARIAELE
“CONSTANT
sl

COMSTAHT S
1

)
el
[1y)

N R W3

1 B.26434 S.26434 318,37y
3 . B7958 .B2e83
REGRESSION COEFFICIENTS STAKDARD ERROR
STD. FORMAT E-FORMAT REG. COEFFICIEMT T-%ALUE
-11.681236 ~.116123595681E+02 LS2d22 ~22.15
LBBE3I L 22596B214836E-63 L Bgaaz 1v.e2
95 X CONMFIDEMHCE INTERVYAL
COEFFICIENT LOWER LIMIT UPFER LIMIT
-11.61236 ~13.27934 -9,94538
BBR33 . BaBz? . beB3e
OEZERVELDL v FPREDICTED ¥ RESIDUARL STAND.RES, SIGHIF
~-4.31302 -4.16189 ~-. 15134 - 32745
-3.21442 -3.38252 18818 1.83012
~2. 785693 —2.7981%3 L91116 pea38
~-1.13498 -1.23278 . 18481 L B4227
-. 22552 ~-.7o280 ~. 13272 -. 81332



1.82.081
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Vs [nV VC)‘M

3 obserwvations temain.
9/2/83 Jur

iR AL LR RS L L L i s I I

* ERSIC STATISTICS AMD DATA MANIPULATION *

A AR AL LI LR L L Iy Y I T L T T R RN T R gt
K15 CORRELATIOHN

In ks

Obseruvation # 9 has been deleted,

name: KLS:HE
obzervations: 9
variables: 9

Data file
Humber of
Humber aof

Variablez rnames:
1. K15 (139
2. ¥ <mirsd
3. T <K
4, Trik1S)
S. Tntyd
. Thni(T>
e W2
8., T~2
Q. Ty
Subfiles: HOKE

Observation # 9 Yariable # 1 = .8671 has bheen inserted.
Observation # 2 VYariable # 2 = 11 has been inserted.
Observation # 9 Yariable # 2 = 2968.15 has been inserted.
Obzervation # 9 Yariable # ¢ = -99933999,99999 has been inzerted.
Obzervation # 9 Yariable # 5 = -9999999,99299 haz been inserted.
Obzervation # 2 Variable # &€ = -9%999939,939999 has been inserted.
Observation # 2 VYariable # 7 = -9999939,99939 has been inserted.
Obzervation # 9 Yariable # 8 = -9999993,93993 has been inserted.
Dbzervation # 9 Yariable # 2 = -9999999,99999 has been inserted.
K15 CORRELATIOHN
Variable # 1 Wariable # 2 Variable # 3 VMar-iable # 4 Variabls
Variable # & Yariable # 7 Variable # 2 Yariable # 9
QBS#
1
L2138 11.586880 299, 15080 42325
S.e7a40 132.250680 854157.02250
LAZlER il.2p0080 288.850806 Z.3E318
SL.Ee3l 139.24809 S2972.208250
3
Sl2lza i11.188808 287.150608 2. 4BERS
EL.T2724 122.21408 94341.12256
4
11.188688 ZAT. L 189 2.4141%
124.99240 94341, 122546
b
5. 289,.1560946 1.6480¢
S36RT7. V2258
[
ke s el 287V. 256080 HP S
] A.B10080 EL Xl Wi




LAZETA e 5 D 2Eg8.85088 -3.25192 l1.564566
5,.73828 27.048848 24594, 282350 1681, 56003
1154 11.88686 356.358@3 -2.19872 2.39798
S.72473 121.088848 A3858. 322258 I369,. 858684
q
LBET16 11.88088 298.158868 —-9333933 9333993 39293932, 99339
=F993999,99939 -939299349, 32399 -9399999, 99339 —ﬂq939" D999
ig
84198 4,958848 287 . 65804 -3.17247 1.59339
J.6E6174 24,58258 S82742.52250 1423, 86758
The following transformation was performned: axlnibHi+c
whetre a = 1
b i
= &
Wois Variable # 1
Transformed data iz stored in Yariable # 4 C1lndK1S30.,
The following transformation was performed: asindibXr+c
where a = 1
b 1
c = 8
iz Variable # 2
Transformed data iz stored in Yariable # S (lndWoos.
The following transformation was performed: asiH~blr+c
where a = 1
b= 2
c = B
Wois Mariable # 2
Transformed data is ztored in Variable # 7 (W20,

The following transformation was pertormed: aslnibiki+c
where a = 1
b= 1
c = 9
A is Mariable # 3
Transformed datra is stored in Yariable # & C1niTH>,.
The follawing transformation was performed: a*(E~bi+c
where a = 1
b= Z
c = 8
wois Mariable # 2
Tramsformed data is s=tored in Variable # & (T~2x.
The following transformation was pertormed: as(xX~bhrs(¥~cD
where a = 1
b= 1
c o= 1
W oiz WYMariable # 2
Y iz Mariables # 3
Transforned data iz stared inm Yariable # 9 (TsW)
K15 CORRELATION
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Variable # 1 Variable # =2 VYariable # 3 Variable # 4 VYariable # 5
Variable # & Variable # 7 Variable # 8 Wariable # 9

OES#
1
121306 11. 500608 296, 158400 -2.189455 2.942235
S.67844 122.2268048 84187.0223509 3336.72500
LBE158 11.880668 288.8%50808 -2.58593 Z.4e21a
S.eE313 1329,240080 82972.80258 3398.99680
3
12138 11. 1804848 387.156088 ~2.18%949 2.48695
S5.72734 123.21884 94341,12258 3489, 263580
4
143290 11.1268084 3B7.156888 -1.938&4 2.41413
S.72724 124.992406 94341,12256 3433,93708
5
B4 848 S5.208800 289.156888 -3.828286
5.68695 27,8438 23687.72250 15683, 52080
&
L3528 5.1884808 2B7.2560806 -3.26221 l.e2%24
5.72961 26.601888 94771.622549 1578.832568a
LA3ETE 5.28888 388.856886 -3.291%2 1.64368
5.73826 27.040088 94894, 8392350 1601. 36888
o
11548 11.08B88 86, 2560848 -2.15872 2.39790
S.72473 i21. 8080608 23856.322548 3369.85P04a
=l
LHEVLIS 11.6668088 298.15088 -2.78157 2.3%738
S5.67848 121.886888 24127V .02258 3191.65088
18
LE%1598 4.55688 237 .606680 —-Z. 17247 1.595933
5.66174 24,58254 82v42.52250 1422.86758

L L L L e e s I L LT T T T T e
MANUAL REGRESSION OH

k15 CORRELATIOM

Dependent variable:lniKi1S?
Independent wvariabledsz) = Voimles)
T (K>
Thov)
Th{T>
Va2
T~2
T*Y
Tolerance = ,B81

CORRELATION MATRIA

Wolmlss T CK> TrgWo W2 T2
Wolmlss 1.0888688 -,8289387 LI9963533231 -, 2995419 —-,.B396522
T ko 1.0600808 -~-.41474332 -, 8443146 . FYIIIED
1ROy 1.980800884 L3324187  -.816437

-. 8432820 . 9999837

- 1.8000808 -.B454215

- -



T*Y ThCK155

VM olmleso 985FFILT 3994133
T (K2 .B574863 L15es161
Tholo 99523831 58268324
TniTa .B598c16 1524246
W2 . 9926862 8952277
T2 LB557492 » 1431285
T4 1.08888880 LRE2B231E
Trtk15 1.00080008

F TO PART F T FREGRESSION COEFFICIENTS S2TD
#~--VARIAELE EMTER CORE TOL DELETE STOH.FORMAT E-FORMAT ERROR
2. tmlesd 33.87 .899 1.6084
I.T O CKD .19 131 1.086
S.1mCYs 34.95 .982 1.988
E.1THIT .19 152 1.068
T2 32.29 .895 1.884
2.T~2 .13 .149 1.88060
F.TxY 44.23 .92B 1.008

e A I L R T L LR R Y T I T e Y I T T T
ZTEP MUMBER 1

YARIRELE " 1n(%2" ADDED

R-SWUARED = .8137S5437645

ACY
SORCE IF SUM OF SQUARES MEAM SQUARE F-“ALUE
TOTAL El 2.91415
REGRESSION 1 Z2.684598 2.84578 34,93
RESIDUAL s 45825 .B5853
STAMDARD ERROR = 241932279574
F TOd FART F Tn REGRESSION COEFFICIENTS STD
#--YARIAEBLE EHNTER CORE TOL DELETE STD.FORMAT E-FORMART EREOR
Variable V¥ (ml- z)"does not exceed tolerance.
3.T <K 1.18 .3288 1.6088
S, ThCY) 324.95 1.16692 (115632966082 E+81 . 1374
G.1nCT2 1.19 ,.381 1.068
o2 37 223 .B63
2.7T~2 1.18 .38@ 1.0868
Q. T=¥ 4,27 .616 .EDE

Constant = -5.87335119613

X R R R L LR L LT L L p oy g P e
STEP HUMEER 2

YARIAEBLE- tn:%»” DELETED

R-SRUARED = -.00000800861

F TC PART F TO REGRESSION COEFFICIENTS ST
#--VARIAELE EHTER CORE TOL DELETE STD.FORMAT E-FORMAT ERROR
2.8 mlrs) 33.87 .899 1,060
3.T (k2 .19 1351 1.8060
S.1ndY2 34.95 .982 1.680
€. 1niT> .19 152 1.06806
T2 32.29 .895 1.0088
2.T~2 .18 .149 1,860
F.TEY 44.23 .928 1.068

Constant = =-2,62258453454
L E L L L L Y L N O g RS P g gy
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STEP NUMBER 3
VYARIABLE“Y <(ml~-s>" ADDED

R-SRUARED = .380894413899
AOY
SOURCE DF SUM OF SQUARES MEAN SQUARE F-VYALUE
TOTAL @ 2.51415
REGRESSION 1 2.83381 2.83381 33.8°7
RESIDUAL 8 .48834 . 86604
STANDARD ERROR = ,245B836563847
F TO PART F TO REGRESSION COEFFICIENTS STD
#--YARIABLE EMTER CORR TOL DELETE STD.FORMAT E-FORMAT ERROR
2.% (ml-ss) 33.87 14921 . 149208541 747SE+80 LIS
3.T (K> 1.37 .48%5 .,999
VYariable’1ni(¥> "does not exceed tolerance.
5.1hCT) 1.38 .485 .999
Variable ¥~2"does not exceed tolerance.
8.7~2 1.37 .484 ,999
9. TV 4.22 .613 .pos
Constant = -3.93603982457

LA AR AR LR R R L L Ly L T T X o N P
STEF HUMBER 4
VARIARBELE"Y (ml~s>“ DELETED

R-SRQUARED = -,0000808000801
F TDO PART F Ta . REGRESSION COEFFICIENTS STD

#-—-VARIAEBLE ENTER CORR TOL DELETE STD.FORMAT E-FORMAT ERROR
2.¥Y mi-cs> 33.87 .899 1.0006

3.T <K .19 .151 1.0006

SRy 34,95 .%02 1.0860

5.1n¢T> .19 .1S2 1.0080

T2 32.29 .895 1.080

8.7T~2 .18 .149 1.6086

9. T=V 44,23 .920 1.000
Constant = -2.62258453454

POLYHOMIAL REGRESSION OWM DATA SET:
K1€ CORRELATION
AR X R L L R L L I I I L

~~where: Dependent wvariable = 1h(K135>
Independent variable = 1Tn(y)

STAHDARD COEFFILCL.
VAR IAEBLE N MEAN YARIANCE DEYIATION OF Litd
Thiks 18 Z.1B533 . 16694 . 48858
TnCK1SD i8 -2.62258 27935 .52854
CORRELATION = .9820083353385
Selected degree of regresszion = 1
R-SRUARED = .813734377828

STANDARRD ERROR OF ESTIMATE = .24133227921%
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SOURCE

TOTAL

FREGRESSION
s

FESTIDUAL

CCOMSTHHT
W

GBS #

N I P I B  TU R CV I S

—
& w0

nF SUM OF SRUARES MEAM SQUARE . F-%ALUE

el 2.51415

1 2.84594 2.84530
1 £.84538 2.84530

3 GE225 . B5353

REGREESSION COEFFICIENMTS STRMDARD ERROR
5TD. FDPHHT E FORMAT FEG. COEFFICIENT

S.B7925 - 5BVIR5119FVAZE+E] 42253
1.1ee93 1166q29651*?E+81 19738

9% X COWNFIDEHMCE IMTERWYAL
COEFFICIENT LOWER LIMIT URFPER LIMIT

-5.B7335 ~-£.B5396 -4.168474
1.1ae9s Fl1ES 1.e2228

OESERVED Y FREDICTED % RESIDUAL STAND.RES.
-2. 18455 ~2.22930 12475 51554
~£.98592 -2.19925 —. 38567 -1. 2676868
-2.18943 ~-2.278e2 18113 CEECHH
-1.938c4 -2.26224 . 232368 1.33758
-2.8282¢ -3.155482 12723 52588
—d.26231 -2.17814 -.B2416 —. 34725
-3.20192 -3.13548 -. 89643 - 3928
-2.138v:2 -2.28118 . 13845 . 039
~2. 78157 -2.28112 -4 2B43 -1.7a7e
~3.17247 ~3.21298 LHA4851 187
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Mission of the Bureau of Reclamation

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation’s
water resources in the Western United States.

The Bureau’s original purpose “to proviae for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
lated functions. These include providing municipal and industrial water
supplies; hydroelectric power generation, irrigation water for agricul-
ture; water quality improvement, flood control, river navigation; river
regulation and control; fish and wildlife enhancement,; outdoor recrea-
tion, and research on water-related design, construction, materials,
atmospheric management, and wind and solar power.

Bureau programs most frequently are the result of close cooperation
with the U.S. Congress, other Federal agencies, States, local govern-
ments, academic institutions, water-user organizations, and other
concerned groups.

A free pamphlet is available from the Bureau entitled “’Publications
for Sale.” It describes some of the technical publications currently
available, their cost, and how to order them. The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-922,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007.




